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ABSTRACT
Vegetable production in the rainy season (May - 
October) in two municipalities in the province of Ilocos 
Norte, Philippines, was studied as a test of a general 
methodology for integrating observation of farmer pro­
duction systems with technology development. The approach 
taken was that technology development research should 
encompass all components of the farmer system simultane­
ously, in order to simulate the process by which farmers 
make choices, and thereby evaluate empirically the effect 
of different components of the system on the potential 
adoption by farmers of proposed new technology.
For this purpose, data on seasonal environmental 
variability; farmer control over returns from land tilled; 
availability of rice and vegetable production technology 
information; tomato, mungbean, sweet potato, soybean, 
bell pepper, common cabbage, and Chinese cabbage production 
and consumption; overall cropping patterns and production 
practices; and crop and production input prices were 
obtained from a survey of 175 farm households in seven
xvii
villages, observation of prices in two markets, and 
unpublished local records. These data served as the basis 
for evaluation of field experiments conducted at the Asian 
Vegetable Research and Development Center (AVRDC),
Shanhua, Taiwan, in 1978 and the Bureau of Plant Industry 
Experiment Station, Dingras, Ilocos Norte, Philippines, 
in 1979- The effects of organic matter use as a partial 
(0$, 25$, and 50%) so.urce of recommended crop N, total 
fertilization rate (75$, 100$, 125$, and 150$ of recom­
mended rates), bed height (10-40 cm range), and rice 
straw mulch on yield, yield components, and quality 
parameters of tomato, common cabbage, mungbean, and sweet 
potato were investigated.
Field experiment results identified common cabbage 
as the crop with greatest present horticultural potential 
for rainy season production. Cabbage (cultivar TKKf) 
early yield was significantly (P<0.05) greater on high 
(33 cm) beds than on low (23 cm) beds in 1978. Cabbage 
yield was highly significantly (P<0.01) greater on mulched 
semi-high (25 cm) beds than on unmulched semi-high, mulched 
low (10-15 cm), or unmulched low beds in 1979.
Organic matter substitutions had a highly significant 
(P<0.01) negative effect on cabbage yield in 1978, probably 
due to organic matter placement, but no significant effect 
in 1979.
xviii
Tomato (AVRDC line Clld-0-2-2-2-3) yield was depressed 
in all treatments in both years. Organic matter substitu­
tions and raised beds tended to increase early yield at 
the expense of late yield, but late yield was higher due 
to cooler night temperatures in 1978. Mulch had highly 
significant (P<0.01) positive effects on yield in both 
years.
Bed height and mulch had no significant effects on 
mungbean (AVRDC line V3476) yield in 1978. Yields were 
lower (P<0.10) in 1979 on high (40 cm) beds than on low 
(15-20 cm) beds due to wind damage.
Sweet potato (AVRDC line 35-2) yield increased 
highly significantly (P<0.01) in 1978 in response to high 
beds.
Chi-square tests of independence of geographical 
location (three groups of seven villages), tenancy (<50$ 
versus £50$ tilled land ownership), farm area (<1.0 versus 
>1.0 ha), and farmer survey responses (differences signi­
ficant at P<0.05) indicated that mungbean, sweet potato, 
and soybean were subsistence crops; identified owner- 
tillers and large tenant farmers in villages with inade­
quate irrigation for rice monoculture but near an urban 
market as having greatest receptivity to market tomato, 
bell pepper, and cabbage production; and indicated high 
input cost, pest control, and need for intensive
xix
management as major cabbage production problems. Analysis 
identified two rainy season planting times compatible with 
current cropping patterns and labor availability and 
demonstrated that the introduction of rainy season cabbage 
production would benefit over 30# of the consumers through 
an income effect but only a small fraction of producers 







The ultimate objective of any research in a 
developing country is the same as the objective of people: 
the betterment of their livelihood. In agricultural 
research, we single out two aspects of the betterment of 
livelihood: improved nutrition and greater income. Vege­
table production provides an especially useful tool for 
achieving these two goals. Vegetables are a rich source 
of vitamins, minerals, and plant protein. Even where 
caloric intakes generally meet minimum requirements, such 
as in the Philippines, present diets may supply inadequate 
amounts of vitamins, minerals, and protein (57). In addi­
tion, vegetables are also high-value crops, with the poten­
tial for considerably augmenting the income of farmers 
(95).
In the Philippines and other parts of Southeast Asia, 
however, vegetable production and availability are charac­
terized by marked seasonality. During the rainy season, 
vegetables are scarce and prices rise sharply because pro­
duction is limited due to a complex of environmental con­
straints: heavy rainfall, soil waterlogging, high night
temperatures, and increased incidence of diseases and pests
2
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(95). It is thus a reasonable hypothesis that the 
development and promotion of improved vegetable production 
technology for the rainy season could make a significant 
contribution towards the betterment of the livelihood of 
rural people in the Philippines and Southeast Asia in 
general.
In order for a new technology to in fact make a 
contribution such as we have hypothesized, however, the 
farmers for whom it is developed must actually adopt and 
use it effectively. The amount of weight which those 
farmers place on improved nutrition and increased income 
as their goals may or may not, however, correspond with 
the objective importance we assign to those goals. Like­
wise, many factors interact to determine whether or not 
increased production will actually result in improved 
nutrition and greater income for farmers. The first 
question which we should therefore ask is, do we know 
which factors are most significant in leading farmers in 
developing societies to adopt and effectively use new 
agricultural production technologies? More specifically, 
is economic benefit the key factor?
The literature on rural society and agricultural 
development in developing countries suggests that a simple 
answer is not forthcoming. The early literature stressed 
the differences between the traditional, non-economic 
behavior of farmers in developing countries and the
rational, economic behavior of producers in developed 
economies. An influential exponent of this viewpoint 
was the Dutch economist J. H. Boeke. Based primarily 
on his study of Indonesian society, Boeke developed his 
ideas into the theory of the dual economy. According to 
this theory, two economies co-exist in a typical develop­
ing society: a capitalistic, urban economy tied to the
developed world; and a pre-capitalistic, rural economy.
In the rural economy, agriculture is primarily a sub­
sistence activity, carried out to produce goods that ful­
fill limited, customary needs. The economic motive which 
leads a farmer to produce commodities for their exchange 
value, so that he can purchase an ever-multiplying range 
of other commodities originating outside of the village, 
operates only intermittently. Always commingled with and 
preeminent over the operation of the economic motive are 
social considerations.
Social considerations in turn arise in the fact that 
each farmer is intimately and inseparably linked to other 
members of his village community. He lives his entire life 
in the village, interdependent with all its members. All 
members know, share, and mutually enforce a common standard 
of behavior. Likewise, community custom is the primary 
determinant of what other needs a farmer perceives as 
necessary over and above his subsistence needs, such as 
for clothes, food, or gifts at times of birth, marriage,
death, or traditional festivals. The farmer is thus less 
an autonomous member of a group of individuals who happen 
to live near one another, and more a part of an organic 
communal body (19).
Early anthropological study of rural peoples in 
developing countries also stressed the social unity of 
village society and its action in restraining the opera­
tion of the economic motive (40, 41, 83). Thus, a domi­
nant theme in the early postwar literature on development 
was that village social structure and peasant attitudes 
were the major constraints to economic development (38, 52 
96, 122). Paralleling this concern, the focus of many 
development efforts in the 1950's was on the modernization 
and reform of rural institutions (98).
By the mid-1960's, however, new studies by both 
anthropologists and agricultural economists resulted in 
the dominance of a very different interpretation of farmer 
behavior in developing societies. This viewpoint empha­
sized the economic rationality of farmer behavior in vil­
lage societies. Geertz, working in Java, showed how an 
agricultural system of involution, the ever-increasing 
intensification of traditional production practices result 
ing in increased output per hectare without increase in 
marginal labor productivity, was nonetheless an entirely 
rational reaction to the twin pressures of rising
6
population and the forced inclusion into the traditional 
cropping pattern of plantation crop production (*J3)*
Moerman, working in Northern Thailand, documented 
the economic rationality of farmers producing under cir­
cumstances very different from those in Java. Farmers in 
the area he studied first adopted and then later largely 
abandoned the use of tractors in rice land preparation. 
Farmers adopted the tractor not in order to increase pro­
ductivity per person per unit area on existing fields, but 
rather in order to make land preparation possible in virgin 
fields, thereby expand the area of land per person, and 
thus increase productivity per person per season. Once 
the new land was completely cleared, however, farmers then 
abandoned the tractor in order to further increase produc­
tivity per person per season by traditional methods which 
yielded more per unit area of fully cleared land (since 
with complete clearing transplanting became possible) at 
less cost (since buffalo-and-plow land preparation was 
less expensive than tractor land preparation). In fact, 
the abandonment of the tractor was actually only a part of 
an increasing sophistication in both economic reasoning 
and production choices (72).
Further evidence of the economic rationality of 
farmers in developing countries came from the work of 
Schultz. In his seminal study of the allocative effi­
ciency of traditional agriculture, Schultz used examples
7
from traditional agricultural villages in Guatemala and 
India to demonstrate two important points:
(1) Existing factors of production are allocated 
with minimal inefficiencies in traditional 
agricultural systems;
(2) Marginal rates of return from traditional 
factors do not justify increased investment 
in those factors (for example, saving to buy 
a second buffalo).
Schultz then concluded that "the key to growth [of agri­
culture in developing countries} is in acquiring and 
using effectively some modern...factors of production”
(102; emphasis supplied).
Although Schultz1 arguments were not accepted entirely 
without controversy (7*0, the emphasis in the 1960’s defi­
nitely shifted towards the position that the development 
of new technology was the key to agricultural growth (50). 
The establishment of an international network of agricul­
tural research centers and the spectacular increases in 
yields achieved by new fertilizer-responsive varieties of 
rice and wheat bred at these centers created a new set of 
factors of production for these important staple grains in 
the tropics. Moreover, acreage devoted to the new vari­
eties increased fairly rapidly, resulting in gains in 
farmer yields generally sufficient to maintain staple con­
sumption in spite of greatly increased population. This
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spread of new, high-yielding staple grain varieties (modern 
varieties, MV) is, of course, what has come to be known as 
the "Green Revolution" (98).
Nevertheless, the "Green Revolution" has not been a 
total revolution in either production or rural society. 
Although yields of M V ’s at the international centers are 
approaching biological potentials (37), and while farmer 
adoption of the new seeds has been rapid, the effective 
use by farmers of the new technology required to realize 
the full yield potential of M V ’s has lagged considerably 
(60). Nor are all of the differences in yield readily 
attributable to economic factors of risk, credit, or input 
availability differences. The need to consult with fellow 
villagers before making production decisions, difficulties 
in comprehending complex fertilizer and pesticide recom­
mendations, and unfamiliarity with the application of 
abstract principles to concrete production decisions are 
also significant factors impeding the more effective use 
of MV technology (M6).
Thus, we see that even for staple crops, the develop­
ment of improved technologies has not been a sufficient 
guarantee for their complete and fully effective adoption 
by farmers. For vegetable crops, which traditionally have 
been secondary to grain staples in Southeast Asia, an 
appraisal of the reasons why farmers do or do not plant 
vegetable crops and an evaluation of the potential benefits
9
to farmers of improved vegetable production technology 
for the rainy season is thus all the more essential. In 
this study, therefore, vegetable production is the tool, 
the rainy season is the environment, and one part of the 
Philippines is the location, but the overall objective is 
to develop and test a more general methodology for inte­





In simplest terms, we can conceive of the problem of 
insufficient vegetable availability during the rainy season 
as a technological problem (figure 1 ©  ). First, develop 
and introduce new cultivars and improved cultural practices 
(figure 1 (f) ) to make better use of human and natural 
resources. This will make possible increased production 
(figure 1 (§)). Increased production will in turn result 
in a greater availability of food (figure 1 returning to 
©)•
In actuality, however, as we have already indicated, 
the problem is more complex. The farmer's objective is 
not increased production per se, but the betterment of his 
livelihood. The farmer will adopt new technology only if 
he can understand it and believes it will benefit him. The 
farmer's understanding of a new technology is based on his 
previous experiences. His perception of the benefits of a 
new technology will depend on how well the economic, socio­
cultural, and political system in which he functions re­
wards him for increasing his inputs of purchased and non­
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More specifically, the system can be viewed in the 
following terms (figure 1). Production is a result of 
the farmer's application of his own energy and skills, 
natural resources, and available technology. That pro­
duction enters the marketing system, either explicitly 
through the actual sale of produce, or implicitly as 
imputed value retained by the farmer. The marketing 
system itself is a product of natural economic conditions 
and government policy. The marketing system yields two 
types of goods: economic returns and the actual physical
result of production, food.
The farmer’s produce moves through the economic 
system, resulting in a particular pattern of food distri­
bution. This food is then consumed in accordance with 
culturally-determined dietary patterns. Food consumption 
in turn results in physical energy, which the farmer uses 
in productive activities, thus completing the portion of 
the cyclic system that we looked at in our initial dis­
cussion.
The extent to which the farmer receives benefit from 
the economic returns of his production activities depends 
upon the land tenure system. If a landlord can exercise 
a claim over a portion of the economic return resulting 
from the farmer’s production, then he has effective control 
over the land on which the farmer produces, regardless of 
the legal status of his title to the land. Likewise, on
13
the other hand, if the farmer has complete control over 
all of those returns, then he has effective control over 
the land, even if the land is mortgaged or for other 
reasons he lacks clear title to it.
Land tenure and control over returns are the 
fundamental determinants of the distribution of wealth 
in rural societies, the profitability of the farming 
enterprise, and the ability of the farmer to purchase 
economic inputs. An equitable distribution of wealth is 
in turn essential for social well-being as it is defined 
by the rural culture. Likewise, a profitable farming 
enterprise develops management ability in the farmer and 
gives him confidence in himself.
Confidence and a sense of social well-being in turn 
are essential to produce that character in the farmer 
which the Japanese have aptly termed “energy of the spirit" 
(seishinryoku, or popularly, "yaru ki," a "yen to do"). 
Different researchers have given different names to this 
character, such as "receptiveness to change," "willingness 
to innovate," and so forth.' Whatever formal term we use, 
however, it is clear that only if the farmer does have 
"a yen to do," will he in fact adopt a new technology in 
order to increase production.
In a rural, semi-subsistence village society, 
agriculture is part of a single, unified life experience. 
The farmer only incompletely thinks in terms of demarcated
14
categories such as technology and economics. Production 
is not a purely economic activity consciously delineated 
from other aspects of rural life. Rather, as we have 
seen, it is an inseparable part of a total system in which 
village custom and personal interactions are intertwined 
with considerations of the cost of fertilizer, the price 
of produce sold in the market, and the choice of crop and 
variety. To state the matter in another way, in rural 
village society, the good will of kin and neighbors are of 
economic significance because farmers use them as "resour­
ces capable of yielding goods and services in a future 
period" (72). The farmer's calculation of the potential 
benefit of a new technology is thus done holistically, 
taking into account all components of the system simul­
taneously. The a priori separation of any one component 
of the farmer's experience and the examination of that 
component in isolation from other components hence carries 
the risk of losing real predictive value by departing too 
far from the farmer's reality (46, 47).
The approach taken by this study, therefore, is that 
research needs to encompass the entire system in order to 
evaluate empirically the relative importance of different 
components that can affect the adoption or non-adoption 
by farmers of new rainy season vegetable production tech­
nology. Accordingly, this study obtained data from all 
areas of farmers' experience: seasonal variability in
15
environment (A); degree of farmer control over returns 
from land tilled (B); availability of information on new 
rice and vegetable production technology (C); attitudes 
towards and previous experience with vegetable production 
(D); croppiftg patterns and production practices (E); 
prices and overall farm organization (F); and potential 
vegetable consumption (G). These data served as the basis 
for the evaluation of experiments designed to compare the 
yield performance when grown under varying management 
regimes of new cultivars developed primarily at AVRDC for 
the hota humid tropics.
PART II




The focus of this study is the province of Ilocos 
Norte, the northernmost of the four Ilocos provinces situ­
ated along the northeast coast of the island of Luzon 
(map 1). This area was selected for several reasons.
First, the focus of the bulk of research on 
agricultural technology transfer in the Philippines has 
been centered in the Central Luzon Plain and Southern 
Tagalog regions immediately north and south of Manila.
The Central Luzon Plain is the premier rice-producing area 
in the Philippines (121), and both of these areas are near 
the centers of government, research, and commercial acti­
vity located in and near Manila. As a consequence of the 
emphasis on research in these areas, however, the potential 
for research in other regions of the Philippines such as 
the Ilocos region has been much less explored.
Second, Ilocanos as an ethnic group and farmers in 
the province of Ilocos Norte in particular have been noted 
for the relative intensity of their agricultural produc­
tion. Ilocano farmers developed the only significant low­
land pre-Spanish indigenous irrigation systems in the 
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development of more intensive agriculture in the Ilocos 
provinces is the historically high population density 
found in the narrow coastal plain and valleys extending 
along the edge of the Cordillera Central mountains which 
rise up rapidly from the coast of the region (121). As 
shown by Boserup, increasing population pressure on 
limited land is a major cause of differences in levels of 
agricultural technology among rural societies (20).
Third, among the eight major ethnic groups in the 
Philippines, the Ilocanos are noted for their use of 
vegetables. Tomato and eggplant fruits are the mainstays 
of traditional Ilocano vegetable dishes such as dinengdeng 
and pinakbet. Leafy vegetables, including leaves of the 
jute plant (saluyot) and the horseradish tree (marunggay*), 
and young, unopened tender leaves in general (uggot.), are 
also important in -the diet, as is mungbean (balatong).
Many vegetables introduced from other countries, such as 
common cabbage, non-heading Chinese cabbage (pechay), and 
sweet potato, are likewise popular.
Finally, my previous experience as a Peace Corps 
volunteer in Ilocos Norte from 1968 to 1970 was an impor­
tant reason for choosing this area. In particular, the 
facility in the Ilocano language which I developed then
*The spelling malunggay, which is more frequently 
seen in the literature, is a Tagalog spelling. Compare 
(30), -f39), and (117).
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made it possible for me to conduct the farmer surveys 
directly without having to work through an interpreter.
The climate of Ilocos Norte exemplifies a traditional 
monsoon climate with the alternating dry and rainy seasons. 
Prom January through March, there is essentially no rain­
fall. Occasional rains may begin in April, and heavy 
rainfall almost always sets in during the last 10 days 
of May. The months from June through September are 
extremely wet months, with mean rainfall exceeding 350 mm 
in each of those four months. Rainfall begins to taper 
off considerably in October, and by November, heavy rains 
are over except for the passing of an occasionally late- 
season tropical weather system (91)* (fig. 2).
The above pattern of monthly rainfall distribution 
is similar to that of southern Taiwan, where initial field 
experiments were conducted in 1978 at the Asian Vegetable 
Research and Development Center (10) (fig. 2).
In order to calculate the probability of a typhoon, 
tropical storm, or tropical depression passing through or 
near Ilocos Norte, a grid of four concentric zones was 
superimposed on Northern Luzon (fig. 3). Tropical weather
*Monthly rainfall totals from 1965 to 1978 are also 
available in the 1979 Philippine Statistical Yearbook (92). 
There are, however, some discrepancies, mostly minor, 
between their totals and the totals calculated here. All 
totals reported here are based on calculations using the 
daily records from 1965 to 1979 on file at the weather 
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systems passing through the Philippines between 1948 and 
1978 were then classified according to which of these 
zones they passed through (systems passing through the 
Philippines but outside of zone 3 were thus eliminated). 




system at center _____
typhoon Z 119 km/hr 3
storm 64-118 km/hr 2
depression < 63 km/hr 1
Table 1 shows the frequency of years with tropical 
weather systems passing near Ilocos Norte, the mean 
severity of such weather systems, and the frequency and 
mean maximum speed of high winds (£64 km/hr) recorded at 
the Gabu, Laoag City, Ilocos Norte, weather station. 
Overall, tropical weather systems were most frequent in 
the month of September, and one could normally expect a 
tropical weather system to pass through zones 0 or 1 
during August or September in approximately two out of 
every three years. In contrast, however, high winds were 
more frequent in July, and one could expect to have high 
winds during June or July in approximately three out of 
every four years.
Given the above pattern of rainfall, a key question 
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possible to do land preparation after the onset of the 
rainy season. During 1979* when field experiments were 
conducted at Dingras, Ilocos Norte, the first heavy rains 
came in the second week of May, before we were able to 
begin land preparation. We found that land preparation 
was nevertheless possible, even on the heavy clay soil at 
Dingras, during the occasional dry spells that occurred 
between periods of heavy rainfall (table 2).
Based on the observed conditions at Dingras, a model 
was constructed for the determination of dry periods 
during which land preparation would be possible. The 
model consists of a set of rules for determining the number 
of days to count as a wet period after a day or period of 
heavy (i 25 mm ) rainfall. The rules also specify when to 
merge days of heavy rainfall broken by one or a few days 
of little or'no rainfall and count them as one continuous, 
cumulated period of heavy rainfall, and when not to merge 
them but rather count the later rainfall as a separate, 
new period of heavy rainfall (table 3).
This model was then applied to the distribution of 
daily rainfall at the weather station in Gabu, Laoag City, 
Ilocos Norte, during each year from 1965 to 1979* Each 
month from April through December was divided into three 
10-day segments (for 30-day months) or two 10-day segments 
and one 11-day segment (for 31-day months). The following 





RAINFALL, SOIL CONDITIONS, AND 
LAND PREPARATION ACTIVITIES, 
DINGRAS, 1979
Date3 Rain­ Soil Land Month Date3 Rainfall13 condi­ prepa­ fall'D(mm) tions ration0 »d (mm)
21 1.5 wete June 11 022 9.5 (sp) (12) 4.0
23 6.0 13 024 0 \f 14 |86.0|25 5.0 dry sp 15 026 1.0 sp 16 6.0
(27) 0 \ (17) 36.0128 74.0 wet 18 2.0
29 39.0 19 030 30.0 20 14.0
31 0 21 1.01 6.5 22 11.02 0 23 12.0
( 3) 1.0 (24) 14.0
4 132.01 (mb) 25 34.0
5 0 26 1.0
6 0.5 \t (mb) 27 27.5
7 0 dry mb, tom 28 3.08 0 tom 29 14.0
9 0 tom 30 0














Sundays and holidays enclosed in parentheses.
^Periods of heavy rainfall enclosed in boxes.
A a n d  preparation done under less-than-optimum conditions enclosed in parentheses. 
dCode: sp = sweet potato; mb = mungbean; tom = tomato; cab = cabbage.
Approximately 50 mm in previous five-day period.
TABLE 3
rODEL POR DETERMINATION OP DRY PERIODS 
DURINO WHICH LAND PREPARATION POSSIBLE
Amount of rainfall (mm ) in day:
125* { < 1 0 - *  wet
210 • aierge daya 0-1
aa cumulated 
25 or 50
^<25 — * «et r





50 or 100 
follow rules for appropriate day 0
*50b {<10— * wet <25-
225-
wet
210 ' merge days 0-1 
as cumulated 50 or 100
nerge days 0-2 as cumu­
lated 50 or 100 
follow rules for appropriate day 0
2100' < 10- ’ wet /<25- wet
210- merge days 0-1 as cumulated 
100
225 — * merge days 0-2 as cumu­
lated 100 
follow rules for appropriate day 0
2i_L
^ dry or new 
>follow rules for appropriate day 0
see left
5. 6. 7
dry or new 
see left
see left






'new 25 or 50
follow rules for appropriate 
day 0 
see left
dry or new 
follow rulea for 
appropriate day 0 
see left
see left




<25 • wet {<25 — * wet 
I 225 — ► newA. 50
225 A sum days 1-A{< 100-anew 
I 25 or 50 
I 2100-emerge I days 0-A as 
^cumulated 100 
follow rules for appropriate see left 
day 0
see left see left
o
 25, or 100 
follow rules for 
appropriate day 0
dry or new 




*Includes cumulations of 225 mm total that consist of one day 
210 mm. followed by one or more days each 25 nun.
^Includes cumulations or 250 or 2100 mm total that begin with one day 210 mm and merge other days according to above rules. ro
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total rainfall during the 10- (or 11-) day period; 
percentage of dry years with no periods or portions of 
periods of heavy rainfall or wet conditions during the 
10- (or 11-) day period; percentage of mixed years with 
at least one or a portion of one period of heavy rainfall 
or wet conditions during the 10- (or 11-) day period; mean 
length of dry periods and rainy and/or wet periods in 
mixed years; and percentage of wet years in which the 
entire segment was one of continuous heavy rainfall and/or 
wet conditions. In addition, a mean dryness index for 
mixed years was derived using the following formula:
(percentage \of I +
dry years f
(percentage\ I mean length of of mixed 1 * I dry periods
years I I length of
\ segment
The results of this analysis for the percentage of 
dry years © .  mean dryness index © ,  percentage of non­
wet years (the sum of the percentages of dry and mixed 
years, equal to the inverse of the percentage of wet years) 
@ , and mean rainfall (5) are shown in fig. 4. It should 
be borne in mind, of course, that this model is an approxi­
mation based on a heavy soil. On a lighter soil, it may 
be possible to do land preparation sooner after a period 
of heavy rainfall, so the number of days allowed for wet
FIGURE 4
PERCENTAGE OF DRY YEARS, MEAN DRYNESS INDEX, 
PERCENTAGE OF NON-WET YEARS, AND *
MEAN RAINFALL DURING ONE-THIRD MONTH SEGMENTS 


















conditions after heavy rainfall could be reduced and the 
model made more liberal.
Nevertheless, the results of the analysis using this 
model are instructive for the trends they display. Farmers 
could expect to have little problem in most years with land 
preparation up to May 20. Late May and early June, on the 
other hand, are less favorable times for land preparation. 
After the initial wave of heavy rainfall at that time, 
however, there is a period from mid-June until mid-July of 
drier conditions. In particular, rainfall decreases 
markedly during the last part of June, resulting in a 
higher frequency of dry conditions through mid-July. 
Thereafter, rainfall increases sharply, and the frequency 
of dry conditions is lowest during the period from July 21 
to August 20. After September 10, rainfall begins to 
decrease significantly, and the frequency of dry condi­
tions rises again. In October, conditions again reach 
mid-June to mid-July levels, and by the end of November, 
conditions have returned to April levels.
Situated between latitudes 18° and 19° North, the 
province of Ilocos Norte is far enough north for a fair 
degree of decrease in night temperatures to occur during 
the months of October through March. In January and 
February, in particular, mean minimum temperatures are 
less than 20° C , and temperatures of less than 15° C 
usually occur at least once per season (91). Day temper­
atures are, however, affected only slightly.
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On the other hand, in Tainan, southern Taiwan, 
situated between latitudes 23° and 24° North, the decrea­
ses in both day and night temperatures are much more 
marked. Prom December through February, mean minimum 
temperatures are less than 15° C , and extremes of less 
than 10° are not uncommon (14). Freezing temperatures 
have never, however, been recorded, with 2° C being the 
absolute minimum on record for the area (10). The effects 
of higher latitude continue to influence night tempera­
tures in Taiwan longer, also, with night temperatures of 
less than 20° C occasionally recorded even into May 
(fig. 5).
In contrast, during the rainy season months of June 
through September, both day and night temperatures are 
similar in Ilocos Norte and southern Taiwan. The frequent 
heavy cloud cover keeps maximum temperatures below 35° C 
(although still above 30° C ). Minimum temperatures aver­
age between 23° and 25° C , rarely drop below 22° C., and 
are always above 20° C (10, 91) (fig. 5).
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FIGURE 5
MEAN ABSOLUTE AND AVERAGE MAXIMUM 
AND MINIMUM TEMPERATURES AT GABU, ILOCOS NORTE, 
1965-1979, AND AVRDC, TAINAN, TAIWAN, 1975-1979, 
AND MAXIMUM AND MINIMUM TEMPERATURES 
RECORDED AT DINGRAS, ILOCOS NORTE, 1979,
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CHAPTER H 
SURVEY MATERIALS AND METHODS
The province of Ilocos Norte, with an area of 
2,655 km2 (92), has a population estimated in 1979 at 
approximately 385,000. Of the some 71,000 households 
formed by this population, 69$, or approximately *18,500, 
are farm households. Administratively, this population 
is divided into 22 municipalities and the provincial 
capital of Laoag City (86). Each municipality and the 
city of Laoag are roughly equivalent to a county in the 
United States. The central town or poblacion, which would 
correspond to the county seat, consists of residential 
streets laid out in a grid around the town hall, church, 
plaza, and municipal market. The remainder of the muni­
cipality or city consists of outlaying rural villages.
Both subdivisions of the poblacion and the outlaying 
villages are called barangays (formerly, and in everyday 
conversation often still, also called barrios). Each 
barangay in turn consists of several puroks, which outside 
of the poblacion are natural villages comprising 25 to 50 
households each. In other words, the rural barangay is
33
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actually an administrative village composed of several 
(usually three to six) natural villages.*
A major question at the start of this work was what 
portion of this large population to study, and how to go 
about studying it. One approach would be essentially 
anthropological: choose one representative natural vil­
lage, live in that village, and observe the production 
activities of all village members. This type of approach 
has the advantage of making possible actual measurement 
of inputs used in and output from farmer production acti­
vities. It would also make possible application of the 
key tool of anthropology: direct observation over a
sustained period of time of recurrent patterns of farmer 
behavior and societal interaction that affect production 
decisions (46).
With this type of approach, however, the population 
studied is essentially limited to the one sample village 
that is observed. The selection of the representative 
village is usually done purposively, based on the resear­
cher's previous knowledge of the area. Ultimately, that 
selection is a matter of the researcher's judgment, the 
accuracy of which can be justified qualitatively but not 
on the basis of an objective measure such as that provided
*This distinction between natural villages (shizenson) 
and administrative villages (gyoseison) is one commonly 
made in agricultural economics and related disciplines in 
Japan.
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by statistical sampling theory. Thus, although this 
approach can yield data of a high quality from one village, 
it limits the validity of inferences that can be made to 
other villages. In other words, this approach yields data 
that is deep but narrow.
An alternate approach is a survey approach such as 
has been used by agricultural economists at AVRDC (5*0.
With this approach, a fairly large portion of the entire 
population of the area of interest may be chosen pur- 
posively to serve as the population of the study. Further 
selection of villages and ultimately of farmers within 
villages Is then done using a statistically-designed 
sampling procedure. This approach thus permits objective 
inferences to be made to a much larger population. On 
the other hand, because the sample is spread out over a 
larger area, observation of individual farmers is usually 
more limited. This approach, in contrast to an anthro­
pological approach, thus gains breadth at the expense of 
depth.
In choosing between these two alternative approaches, 
the question was, therefore, what are the relative values 
of depth and breadth in light of the objectives of the 
study? In order for an integrated approach towards 
increased vegetable production to have potential usefulness 
as a methodology with applicability wider than this study 
alone, it must be able to focus on a target area larger
36
than a single village. There are not sufficient resources 
available in either national or internationally-assisted 
programs to effectively apply a methodology that can only 
be used one village at a time. Thus, given limited resour­
ces for development, the question can be restated: can we 
develop a methodology for a larger target area that will 
still have a depth of precision adequate for evaluation of 
the potential contribution of increased vegetable produc­
tion?
With this in mind, I therefore chose to develop and 
test a two-phase method of obtaining data on potential 
acceptability by and benefit to farmers of increased rainy 
season vegetable production in Ilocos Norte. The first 
phase was to conduct an attitudinal survey in order to 
evaluate overall potential acceptability in a relatively 
large portion of the whole population and to identify 
strata of the target population towards which further 
study and ultimate promotion of new techniques could be 
most effectively directed. For this purpose, from the 
total of 23 municipalities in Ilocos Norte (for conven­
ience, I shall henceforth use the term ’’municipality” to 
refer to both Laoag, which technically has city status, 
and the other 22 municipalities), I selected two, Laoag 
and Dingras, to serve as the population to be sampled.






























These two municipalities together contain over 7,800 farm­
ing farm households, or about one sixth of the some 48,500 
farm households in Ilocos Norte (86).
Sampling from these municipalities was done in two 
stages. In the first stage, barangays or barangay groups 
comprised the primary sampling units. In Laoag, the highly 
urbanized poblacion, in which only 1% of the households are 
farm households, was excluded from the population to be 
sampled. The remaining 50 barangays (containing 90% of 
all Laoag farm households) were placed in one of two 
strata, "higher potential for vegetable production" (Laoag 
A = LA), or "lower potential for vegetable production" 
(Laoag B = LB). In Dingras, all 30 barangays were included 
in the population (since even in the poblacion, 67% of 
all households are farm households). Table 4 gives a sum­




Location Barangays Farm Households Non-farm Total
households
(no.) (no.) (%) (no.) (*) (no.)
Laoag
poblacion 30 398 5 5,222 58 5,620A 28 2,304 29 1,578 18 3,882B 22 1,479 19 979 11 2,458
total 80 4,l8l 53 7,779 87 11,960
Dingras 30 3,645 47 1,200 13 4,845















All barangays were then weighted by size as indicated 
by the number of farm households according to the June 1976 
Barangay Screening Survey of the Bureau of Agricultural 
Economics (BAEcon) (85). Smaller barangays were grouped 
to obtain more efficient primary sampling units (psu's). 
Amalgamation of barangays resulted in 20 psu’s in Laoag A, 
10 in Laoag B, and 28 in Dingras. A separate systematic 
sample of size n-̂  was then taken from each of Laoag A 
(n1=2)a Laoag B (n1=2), and Dingras (n1=3). Selection was 
made without replacement and with the probability of 
selection proportional to size. The purposes of this 
method of selection were to spread the samples evenly over 
the entire geographical area and to obtain a more precise 
estimate of the means of farmers’ responses (3^s 82).
These factors were considered important because consi­
derable heterogeneity was suspected to exist within each 
group of psu's but time and resources would not have been 
sufficient to attempt to obtain data from every barangay 
in order to stratify the barangays more precisely before 
doing first-stage sampling. In addition, a more precise 
stratification of barangays would have necessitated draw­
ing a larger total number of sample psu's than would 
have been feasible to survey within the limits of this 
study.
In the second stage of sampling, Individual farm 
households were the sampling units. The sampling plan
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did not treat all farm households as a homogeneous 
population. Instead, the plan hypothesized diversity 
in the population in relation to land size (small: 
area <1.0 ha. versus large: area £1.0 ha.), tenancy
status (tenant: <50% of total farm area owned versus
owner-tiller: £50% owned); specifically, that:
(HI) small farmers predominate in the population;
(H2) among the small farmers, owner-tillers 
predominate;
(H3) small tenant farmers have had the least 
experience with vegetable production;
(H4) small owner-tiller farmers and large tenant 
farmers have had more experience and are 
more willing to take the risk of experi­
menting with vegetable production;
(H5) large owner-tiller farmers have had the 
most experience and are most willing to 
experiment with vegetable production.
Schematically, these hypotheses regarding population 

































The overall thesis underlying these hypotheses was that if 
the study resulted In their acceptance, it would be reason­
able to conclude that the best target for focusing efforts 
at increasing vegetable production would be the small 
owner-tillers, because of the combination of their rela­
tively greater numbers and more favorable receptiveness.
In order to divide the population into the desired 
strata for testing the above hypotheses, secondary data 
was obtained from extension agents on the farm size and 
tenancy status of farm households in each psu. Calculation 
of the total number of farm households and the total land 
area farme'd from these lists, however, revealed consi­
derable discrepancies between those totals and the BAEcon 
data used in selecting the sample barangays. The discre­
pancies in numbers of farm households (table 5) caused the 
greatest concern, because an accurate frame is essential 
for valid stratification and sampling of individual farm 
households. In order to obtain an accurate frame, we 
therefore conducted a census of each psu in July and 
August 1979* In the census, we walked from house to house, 
mapping the location of each house. At each house, we 
asked the occupation of the household and the areas of 
farm land which the household tilled as tenants and as 
owner-tillers.
For the purposes of this study, ownership was defined 
to mean control over the returns from production, as
TABLE 5 
SAMPLE BARANGAY 
POPULATION NUMBERS OP FARM HOUSEHOLDS
Location BAEcon BAEx Census
Dingras 1 110 109 104
2 113 105 92
3 254 175 150
Laoag A 1 109 80 115
2 95 NA 102
Laoag B 1 164 NA 108
2 200 69 139
NA = Data not available.
explained earlier in the conceptual framework. In 
particular, land under a salda or mortgage (an arrange­
ment which historically developed in Ilocos Norte in 
response to the needs for lump sum cash of the upper 
class (68)) was considered as owner-tiller land if the 
farmer indicated that he retained all of the yield and 
was not obligated to share any of it with the landlord.
Total sample size for each psu was fixed at n2 = 25. 
Since the census had revealed that there was a considerable 
number of farmers farming less than 0.10 ha in one baran­
gay, these farmers were placed in a separate stratum in 
which tenure status was not differentiated. A total of 
five strata thus resulted: marginal, small tenant, large
tenant, small owner-tiller, and large owner-tiller.
Allocation of sample farm households to these five 
strata was done with the objective of equalizing sampling 
fractions for all strata within each psu. Since, however, 
population sizes as revealed by the census were small in 
the marginal and owner-tiller strata (the implications of 
the latter finding will be explored -more thoroughly later) 
and only integer allocation was possible (one could not 
interview one-and-half large owner-tiller farmers, for 
example), exact equalization of sampling fractions was 
not possible (tables 6 and 7).
Based on the above allocation, an independent, random 
sample of the appropriate size was then drawn from each
TABLE 6
FIRST-STAGE ALLOCATION OF SAMPLING UNITS 
AND RESULTING SAMPLING FRACTIONS
Municipality Number of_____________________
barangays Psu’s households 
(Nx ) (N2)
Dingras 30 28 3,645
Laoag A 28 20 2,304
B 22 10 1,479
A+B 50 30 4,181
All 80 58 7,826
Sample size______  Sampling fraction (%)
Psu's households primary secondary
(n1> (n2) (n2/N2)
3 75 11 2
2 50 10 2
2 50 20 3
4 100 13 2





SECOND-STAGE ALLOCATION OP SAMPLING UNITS 
AND RESULTING SAMPLING FRACTIONS
Stratum Location All
Dingras Laoag A Laoag B
_1 J2 _3 JL 2 _1 _J5 No.
Marginal
census 1 1 2 4 2 3 18 31 4sample 0 0 0 1 0 1 3 •5 3fraction (%) 0 0 0 25 0 33 17
Small tenant
census 26 48 86 41 57 48 61 367 45sample 6 13 14 9 14 11 11 78 45fraction {%) 23 27 16 22 25 23 18
Large tenant
census 68 36 45 60 23 38 18 288 36sample 16 10 8 12 6 8 3 63 36fraction (%) 24 28 18 20 26 21 17
Small owner-tiller
census 3 5 10 7 13 12 29 79 10sample 1 1 2 2 3 3 5 17 10
fraction (%) 33 20 20 29 23 25 17
Large owner-tiller
census 6 2 7 3 7 7 13 45 6
sample 2 1 1 1 2 2 3 12 7fraction {%) 33 50 14 33 29 29 23
Overall fraction 24 27 17 22 25 23 18
^Totals do not add to 100 due to rounding.
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stratum in each psu. Random sampling was used for 
second-stage selection because the populations within 
each stratum in each psu could be expected to be fairly 
homogeneous.
In the survey of sample households, each farmer was 
asked a series of questions (see Appendix 1) regarding 
the following:
(1) Demographic characteristics of the respondent 
and household members: age, sex, months/year
residing in household, number of years of 
education completed, and primary and secondary 
occupations;
(2) Types of farm land tilled: area of irrigated
paddy, rainfed paddy, and upland land, both 
tenanted and owned (this also provided a 
cross-check with the census);
(3) Main problem(s) in farming, change in livelihood 
over the past five years, and reason(s) for such 
change;
(4) Access to information regarding rice and 
vegetable production;
(5) Experience with and attitudes towards production 
of seven vegetables: tomato, bell pepper, 
cabbage, Chinese cabbage, mungbean, soybean, 
and sweet potato;
(6) Consumption patterns of the above seven 
vegetables.
Each interview required approximately one hour to complete. 
The Interviews were conducted during September and October 
1979.
In the interviews, an open format was used in which 
farmers were free to give either single or multiple
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responses to each question. This problem arose because 
ordinary Ilocano usage does not specify singularity in 
contradistinction to plurality (see Appendix 2). For 
this reason, not every farmer gave a single response to 
each question; a frequently substantial portion of the 
farmers gave two or more responses. In order to learn 
the farmer’s perception of things, rather than seek to 
fit the farmer into a preconceived mold, no suggestions 
were made either to give only the single most important 
factor or to be sure and include all important factors in 
responding to a question. Rather, each farmer was left 
free to give a .single response to one question if he saw 
the answer to that question in terms of one factor and 
a multiple response to the next question if he saw the 
answer to it in terms of several factors. In this way, 
within the structure of an etic (observer-designed, 
objective) interview, recording of responses was put on 
an emic (categorization based on farmers' subjective per­
ceptions) basis (2, 79).
Each farmer’s responses were recorded in interview 
schedule booklets. Each question in the schedule was 
followed by a numbered list of possible farmer responses. 
The appropriate number or numbers were circled when the 
farmer’s responses matched those on the lists. Additional 
responses not bn the original lists were written in (see 
Appendix 3 for a complete list of farmers' responses).
When farmers gave multiple responses, the order in which 
each response was given was noted, but no attempt was 
made to try to assign weights based on that order. This 
is because the emic relative value of first, second, and 
succeeding responses most likely varied from farmer to 
farmer, and indeed from question to question even for the 
same farmer.
The attitudinal survey was used for two different 
types of analyses. The first was an analysis of the homo­
geneity of responses among psu’s (barangays or barangay- 
groups) and strata. For this purpose, responses to 
selected questions were first grouped into response cate­
gories, in order to obtain sufficient numbers per cell 
for X2 tests of independence. For questions with multi­
ple responses, both single and multiple responses were 
counted equally in the grouping process. A multiple 
response index was derived for such questions by dividing 
the total number of responses by the number of farmers 
and multiplying the quotient by 100. Thus, an index value 
of 100 indicates that there were no multiple responses 
(only one response per farmer), and values greater than 
100 indicate increasing numbers of multiple responses. 
Where numbers were sufficient, separate analyses were also 
done on single, first, and other responses.
2Next, X tests of independence between geographical 
units and response categories were performed according 
to the following sequence:
(1) Test uniformity of responses among psu's within 
Dingras, Laoag A, and Laoag B respectively.
(2) Test uniformity of responses between Laoag A 
and B. Four permutations were possible, 
depending on results of step 1 for Laoag:
a. pooled LA vs. pooled LB;
- b. individual LA psu's vs. pooled LB;
c. individual LB psu's vs. pooled LA;
d. individual LA psu's vs. individual LB psu's.
(3) Test uniformity of responses between Dingras 
and Laoag. Numerous permutations were possible, 
analagous to the permutations of step 2, depend­
ing on results of step 1 for Dingras and steps
1 and 2 for Laoag.
Where the above tests resulted in a 2 x 2 X2 table with 
one degree of freedom, Yates' correction for continuity 
was applied (69). Where the above tests involved a 
2 x 3 X2 table with two degrees of freedom, the total X2 
was partitioned into two independent comparisons, each 
with one degree of freedom, according to the method of
Steel and Torrie (106). Where the above tests involved
2 2 a 2 x n ,  n > 4, X table, and the total X with n degrees
oof freedom was >3.84 (the X required to find significance 
at the 5% level for a one-degree-of-freedom comparison), 
related response categories were further merged to reduce 
the table to a 2 x 3 X2 for additional testing and, if 
justified, partitioning of X2.
2Based on the results of the above tests, X tests of 
independence of strata and response categories were subse­
quently performed within each geographical grouping of 
pooled psu’s. In order to obtain sufficient numbers per 
cell, the number of strata were reduced to three by includ­
ing the marginal stratum in the small tenant stratum and 
combining both small and large owner-tillers into one 
owner-tiller stratum. Where the above tests involved a 
3 x n, n i 3, X2 table, and the total X2 with 2n degrees 
of freedom was £3*84, a X2 test was first performed on 
the large tenant versus owner-tiller strata, if this 
test (including reduction to a 2 x 3 test and partitioning 
when appropriate) was not significant, those two strata 
were then merged and a 2 x n X2 test was done on the small 
tenant versus merged large tenant + owner-tiller strata.
If, on the other hand, the initial test was significant,
2a X test was then performed on the small tenant and 
large tenant strata. Although the above tests are not 
independent, they provide a meaningful way to examine 
differences among the strata, and the use of such non- 
independent tests is an accepted procedure (106). Finally, 
in cases where numbers were not sufficient to permit 3 x n 
tests, the large tenant and owner-tiller strata were first 
merged into one stratum for 2 x n tests.
Portions of the data were punched on IBM computer 
cards and analyzed using the 1979 Statistical Analysis
System package (101) and computing facilities at the 
following locations: the Agricultural Resources Center
of the University of the Philippines at Los Banos, Laguna, 
Philippines; AVRDC and IBM, Taipei, Taiwan; and the Depart­
ment of Statistics and the System Network Computing Center, 
Louisiana State University, Baton Rouge, Louisiana. Much 
of the initial analysis of the data on information access 
was done manually in the Philippines. Subsequent recal­
culation of that data with application of Yates’ correction
2for continuity, partitioning of 2 x 3 X tables, correction 
of errors in tabulation, and modification of formats for 
presentation of results resulted in some changes in pooling 
of psu’s and in resulting percentages different from ear­
lier reports on this data (27, 28). Substantive correc­
tions will be noted in footnotes of the tables. Analysis 
of the data on farmer experience with vegetable production 
was done using a Texas Instruments 58-C programmable cal­
culator with PC-100A printer.
The second use of the attitudinal survey was for 
selection of farmers to be interviewed in a follow-up 
farm operations survey. During the farm operations survey, 
the attitude of each farmer-respondent was rated subjec­
tively as either "candidate" (positive), "secondary candi­
date" (neutral), or "not a candidate" (negative). An 
objective measure of the relative degree of experience 
and positive orientation of the primary and secondary
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candidates was also calculated based on a weighting of 
responses to questions 1, 3, 4, and 5 (table 8). The 
weighting system placed a higher value of 2 or 3 on 
reasons related to economics, interest in new technology, 
willingness to take risk, and nutrition; a lower value 
of 0.5 on reasons relating to custom and group behavior; 
and a unit value of 1 on all other reasons such as plant 
growth, environment, and family use (table 9). This 
weighting system thus indicated the degree of correspon­
dence of the farmers emic responses to an etic system 
of evaluation for potential technology acceptance.
A 32-farmer sub-sample was next allocated among 28 
cells formed by the seven sample psu’s and four strata 
(with the marginal stratum merged with the small tenant 
stratum and the two treated as one stratum) so that 
sampling fractions were roughly proportional to cell 
sample frequencies (table 10). Farmers were then selected 
to fill the resulting cells based on their scores using 
the above system of evaluation of experience and positive 
orientation. Where two farmers had nearly equal scores, 
preference was given to younger farmers over older farmers 
and to farmers with at least 0.10 ha non-irrigated land 
(according to survey response) over farmers with less than 
0.10 ha non-irrigated land, even if score of the younger 




RESPONSES RATED AS MEASUREMENT 
OP EXPERIENCE AND POSITIVE ORIENTATION
Question Maximum number
of responses
no. positive response content weighted unweighted
la&b Yes, it is possible to 
plant the crop in at least 
one month during the 




3a&b Yes, I have planted the 
crop in at least one 
month during the period 




3a&b Yes, I have planted the 
crop in at least one 
month during the period 




3a&b Total number of months 






3c Yes, I would be inter­
























willing to try in order to increase income





seeking or have new variety
seeking or have source of good seed
seeking or have new method of growing
need for better storage facilities
willing to gamble with crop
want to lead others (in trying the crop)
nutritive value
plant growth 
diseases and insects 
soil 
water
environment and weather 
for planting material 
have/don’t have seed 
for extending harvest 
will try it out









ALLOCATION OF SUB-SAMPLE FARMERS 
FOR FARM OPERATIONS SURVEY
Municipality Psu Stratum
small large small large tota]
tenant tenant owner- owner-
and tiller tiller
marginal
Dingras 1 1 2 1 4
2 2 2 4
3 3 2 1 6
6 ' ~5~ 1 1 XT'
Laoag A 1 2 2
2 2 2 1 5T ” ~ i r 1 9
Laoag B 1 3 1 42 2 1 1 1 5
5 2 1 1 "T"
All 15 12 3 2 32
subsample 47 38 9 6 100
frequency {%)*
sample 47 36 10 7 100
frequency (%)*
*Totals do not add to 100 because of rounding.
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Each farmer in the 32-farmer sub-sample was then 
interviewed regarding labor availability during the year; 
number of land parcels and characteristics of each; past 
and future cropping patterns; 1979 crop labor use, 
expenses, cultural practices, yield, and income; and 
1979 non-crop labor use, expenses, and income (Appendix 
4). Each farm operations survey interview took from 
one half, to two days per farmer, depending on the number 
of the respondent's parcels and the complexity of his 
cropping pattern. These interviews were conducted 
between November 1979 and February 1980. Descriptive 
analysis of this data was then done taking into account 
the results of the attitudinal survey.
For convenience in discussing the results, the word 
"barangay” will be henceforth used in referring to the 
seven sample psu's, even though one sample psu each in 
Laoag A and Laoag B actually consisted of amalgamations 
of two and three individual barangays respectively. In 
order to protect the anonymity of respondents, barangays 
will be identified by numbers, and individual farmers 
will be given fictitious names.
CHAPTER 5
SURVEY RESULTS AND DISCUSSION:
SAMPLE BARANGAY POPULATION CHARACTERISTICS,
ACCESS TO INFORMATION ON NEW PRODUCTION TECHNOLOGY, 
EXPERIENCE WITH VEGETABLE PRODUCTION,
AND CROPPING PATTERNS
Sample barangay population characteristics
In all three barangays in Dingras, two thirds to three 
fourths of the households in the population were farm 
households. Most of the remaining households lacked per­
manent employment. In particular, in two of the sample 
three barangays, landless farm laborer households made up 
nearly 10$ of the population. One of the three Dingras 
barangays also contained a large number of small cottages 
used by nonresidents (primarily from Laoag) who own or 
have tenant rights on land there which they work themselves 
during the rice planting and harvesting seasons (table 11).
In contrast, in two of the four barangays in Laoag, 
less than half of the households were farm households. In 
those two barangays, both of which were easily accessible 
to the poblacion, households with permanent employment 
comprised a sizeable portion of the non-farm households.
The distribution of occupations in the other two barangays, 
one of which was near to the poblacion and the other of 




PERCENTAGE OP DIFFERENT PRIMARY OCCUPATIONS OF 
SAMPLE BARANGAY HOUSEHOLD HEADS
Primary occupation Dingras Laoag A Laoag B 
1 2  3 1 2 1 2
Farm
within barangay 79 68 75 48 76 32 59
outside barangay only 3 0 0 0 0 1 0
Non-farm
permanent employment
government 2 2 4 5 . 1 9 2private firm 0 1 1 5 1 7 1self-owned business 0 0 0 4 1 11 2
total 2 2 5 15 3 27 5
non-permanent employment
farm labor 8 9 3 7 5 1 5
non-farm 2 4 1 5 4 17 8total TO if T T? TO IE T3
not employed pensioned 0 1 1 2 1 3 1non-farming landowner 1 5 4 9 3 5 9other* 2 5 4 9 5 12 8
total 2 11 9 20 9 19 IF
Residing outside barangay** 3 8 8 5 2 3 5
Non-resident farm in 54 13 0 1 0 0 0barangay ###
*Students, old persons without pensions, and other 
unemployed.
**Persons with unoccupied houses in barangay who are 
now residing and working in Cagayan, Baguio, Manila, 
or overseas; percentage included in 100% of barangay 
members.
***Percentage above 100% of barangay members.
Note: Subtotals of percentages of barangay members may
not add due to rounding.
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that of Dingras (table 11). These findings correspond 
with the preliminary data on the overall characteristics 
of the two municipalities obtained from the Bureaus of 
Agricultural Extension and Agricultural Economics and 
indicate that the sampling procedure yielded a repre­
sentative mix of barangays.
Farm size and tenancy status
The census did -not confirm initial hypotheses HI and 
H2 regarding the frequencies in the population of either 
large versus small or tenant versus owner-tiller farmers. 
In Dingras and Laoag A,,small farmers and large farmers 
were present In nearly equal proportions; only in Laoag B 
did small farmers predominate in the population. More 
significantly, small owner-tillers were not the major 
stratum in any barangay. In fact, only in Laoag B did 
their numbers begin to approach that of the large tenant 
farmers (table 12). In only one village did both large 
and small owner-tillers comprise as much as one third of 
the population. In all other villages, owner-tillers 
were a small fraction of the population, with the per­
centage of tenants equal to 80# or more in the remaining 
Laoag barangays and approximately 90# in all three Dingras 
barangays (table 13).
The validity of the above conclusions was further 
confirmed by a comparison of the land areas reported by
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TABLE 12
SAMPLE BARANGAY FARM HOUSEHOLDS CLASSIFIED 











Dingras 1 46 5 43 4 53
Laoag A 3 45 9 38 5 57
Laoag B 9 44 17 23 8 69
TABLE 13 
DEGREE OF TENANCY 






























those farmers from whom these data were obtained twice, 
once during the census and again during the attitudinal 
survey. Correlations between the two sets of responses 
were highly significant (**) for the mean areas of tenanted 
land, owned land, and total land, although slightly larger 
mean land areas were reported in the survey:
area (ha )________ _______
tenanted owned total
census 0.76 0.14 0.90
survey 0.82 0.17 0.99
correlation 0.74** 0.65** 0.65**
In addition, there were no significant differences between 
the census and the survey in the percentages of farmers in 
the different strata in either Laoag A, Laoag B, or 
Dingras (table 14).
Furthermore, examination of the number of tenant 
farmers owning at least 0.05 ha but less than 50# of all 
their land indicated that the majority of tenant farmers 
owned no land at all. Approximately twice as many sample 
tenant farmers reported land holdings in the survey, how­
ever, as did in the census. This difference, which was 
statistically significant for the whole sample considered 
together, was due mainly to more tenant farmers reporting 
small amounts of owned land, rather than to farmers who 
were classified as owner-tillers in the census reporting 
a smaller proportion of their total land as owned land in
TABLE 14 
CENSUS AND SURVEY 
NUMBERS AND PERCENTAGES OP 








Dingras census 33 34 8
survey 28 38 9
Laoag A census 24 18 8
survey 24 21 5
Laoag B census 26 11 13
survey 27 10 13
All census 83 63 29










NS 44 45 11
37 51 12
NS 48 36 16
48 42 10
NS 52 22 26
54 20 26
NS 47 36 17
45 39 15
In this and all subsequent tables in this chapter, statistical significance is expressed 
by the following notation:
NS = non-significant;
+ = significant at 10%;
* = significant at 5%;
** = significant at 1%; 
based on X2 tests of independence.
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the survey and thus shifting into one of the tenant strata. 
This interpretation is based on the fact that in compari­
son with the census, the number of sample tenants without 
land decreased in the survey considerably more in absolute 
numbers than did the number of owner-tillers. Moreover, 
partition of the total X into two independent comparisons 
indicated that the increased reporting by tenants of small 
amounts of owned land was statistically significant, since 
not only was the large increase in numbers of tenants with 
land significantly different from the minor decrease in 
numbers of owner-tillers, but the overall increase in 
farmers owning land (both owner-tillers and tenants) was 
significantly different from the decrease in numbers of 
tenants without land. Had the increase in tenants with 
land been due only to a shift in the proportion of farmers 
owning land from owner-tiller into tenant strata, only 
the first but not the second independent comparison would 
have been significant. Thus, the increase in the overall 
percentage of all farmers owning at least 0.05 ha. of land 
from 27# to 38# is also significant (table 15).
The Ilocos region is often contrasted with Central 
Luzon, where the pervasiveness of landlordism and tenancy 
is well-known. In the Philippines, Ilocanos have a reputa­
tion for industriousness and frugality (3)a although Lewis 
has suggested that these characteristics are not so much 
cultural traits as responses to the pressure of high
TABLE 15 
CENSUS AND SURVEY 
NUMBERS AND PERCENTAGES OF FARMERS 








<0.05 £0.05 tillers cance <0.05
ha ha
NS
census 59 8 8
survey 52 14 9
census 35 7 8
survey 30 15 5
census 33 4 13
survey 27 10 13
census 127 19 29
survey 109 39 27
% difference - 14 +105 
'------ *-
- 7 /














79 11 11 21
69 19 12 31
70 14 16 30
60 30 10 40
66 8 26 34
54 20 26 46
73 11 17 27




population on limited land in Ilocos Norte (68). Never­
theless, Takahashi was impressed with the diligence and 
pride of farmers in Ilocos Norte. He found that those 
qualities reminded him more of farmers in Japan than of 
the farmers of Central Luzon. Takahashi characterized 
the behavior of the latter prior to the changes brought 
about by the introduction of MV’s and land reform as 
resembling more that of agricultural workers, than that 
of peasant-farmers (112, 113).
In addition, Nydegger and Nydegger in their study of 
an Ilocos village in 1954 found that 40$ of village fami­
lies owned land sufficient to provide them all or most of 
their yearly rice requirement, and that an additional 40$ 
owned land that supplied 35 to 50$ of their yearly rice 
requirement (74). Lewis also noted how the salda arrange­
ment had enabled former tenants to acquire ownership of 
land, although at the time of his study he observed that 
more salda land was beginning to revert back to landlord 
control (68).
We can thus hypothesize from the above observations 
of previous researchers and from the data presented herein 
that tenancy has been steadily increasing in Ilocos Norte 
during the past several decades. Further confirmation of 
this hypothesis comes from a conversation with a group of 
approximately 20 farmers during the census. These farmers
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described the changes in land tenure in the following 
terms:
In the past, when population pressure was 
less, land was still cheap and there were more 
owner-tillers. There were also fewer absentee 
landlords. Landlords lived in the village and 
joined in farm activities, rather than living 
in urbanized areas such as Laoag and engaging 
in business. However, with increasing popu­
lation pressure, small farmers who had owned 
land before were forced to sell land to pay 
for schooling and other expenses of increas­
ingly large families. In this way, the edu­
cated elite was able to acquire large amounts 
of land.
Moreover, because of the small size of landholdings 
in Ilocos Norte, completion of the implementation of the 
current land reform program will not result in a signifi­
cant increase in the number of owner-tillers. Under the 
current land reform program, landholdings belonging to an 
individual which total greater than 7.0 ha will be trans­
ferred to their tenants, to be amortized over a 15-year 
period. On the other hand, landholdings of owners with 
less than 7.0 ha total will be converted from tenant 
sharecropping (each year’s yield split 50-50 between 
tenant and landowner) to fixed-rent leaseholdings (25% 
of the average yield in a three-year base period being 
the rent owed to the landowner, and the difference between 
that rent and yield in any given year becoming the profit 
or loss of the leasee farmer). As of spring 1980, both 
the Dingras and Laoag field offices of the Ministry of
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Agrarian Reform had essentially completed the initial 
phases of identification of tenants and convening of 
barangay assemblies to explain the land reform program 
to farmers. Both offices were in the process of carrying 
out the intermediate phases of mapping of parcels and 
preparation of contracts of leaseholding and temporary 
certificates of land transfer (88, 89).
In Dingras, the Ministry of. Agrarian Reform estimates 
that approximately one third of the landowners reside in 
the barangays (included in this figure are owner-tillers 
who work their own land). This estimate is roughly in 
accordance with (although slightly higher than) our esti­
mate of 26% for resident landholders in the three Dingras 
sample barangays when tenant farmers owning 20.05 ha of 
land are counted, as landowners (table 16, derived from 
tables 11 and 15). Approximately one sixth of the land­
owners reside in the Dingras poblacion, and the remaining 
one half come from Laoag and San Nicolas (the sister 
municipality of Laoag on the opposite side of the Laoag 
River). In addition, the municipal government of Dingras 
owns a large tract of rice land south of the poblacion.
Most of the landholdings in Dingras held by landowners 
owning greater than 7.0 ha are on sloping land to the 
east. Even in the four barangays in that part of Dingras, 
only 65, or 6$, of 1,038 farmers will be beneficiaries of 
the land transfer operation; the remaining farmers will
TABLE 16 
ESTIMATED PERCENTAGES OP 
LANDOWNERS-RESIDING IN 
DINGRAS AND LAOAG SAMPLE BARANGAYS
Location Percentage of sample Percen-
farmers who are:______ tage of
tenants owner- farmers
owning______  tillers in popu-
<0.05 £0.05 lation
ha ha
Dingras 69 19 12 74
Laoag A 60 30 10 58
B 54 20 26 213
A+B 57 25 18 49
All 62 22 15 57
aTotals may not add due to rounding.
Percentage of total barangay
population who are:______________________
tenants owner- non- total
owning______  tillers farming land-
<0.05 £0.05 land- owners3,
ha ha owners
51 m 9 3 26
35 17 6 7 30
23 9 11 7 27
28 12 9 7 28
36 13 9 6 27
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become leaseholders but not owners. In the remaining 
Dingras barangays, the primary landholdings to be trans­
ferred to tenants are the lands owned by the municipal 
government. Some farmers in one of the three, sample 
barangays will benefit from that transfer of land, but 
no farmers in the other two sample barangays are included 
in the land transfer operation (88).
In Laoag, the Ministry of Agrarian Reform estimates 
that approximately 30# of the landowners reside in the 
barangays (including owner-tillers). This estimate is in 
close accordance with our estimate of 28# for resident 
landholders (including tenants owning £0.05 ha ) in the 
four Laoag sample barangays (table 16). The remaining 70# 
of Laoag landholders come primarily from the Laoag pobla­
cion; approximately two thirds of those landholders do not 
work their lands.
Landholdings of landowners owning greater than 7.0 ha 
are very few in Laoag, making up only 4l ha out of the 
nearly 1350 ha under the land reform program. Only 175, 
or 6#, of 3,002 farmers are expected to be beneficiaries 
of the land transfer operation, with the remainder becoming 
leaseholders. A surprisingly large number, 55a those 
farmers are, however, scheduled to come from three of the 
four Laoag sample barangays; nevertheless, still only about 
one sixth of the farmers in those three barangays will
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receive land. In the remaining sample barangay, no farmers 
are included in the land transfer operation (89).
Sample farmer profile
There were no significant differences among the 
sample barangays in the distribution of either ages, edu­
cational attainment, or household sizes of the sample 
farmers. Small tenant farmers were, however, younger 
(two thirds under age 50) and had completed less years of 
schooling (only 7% had any education beyond elementary 
school) than large tenant or owner-tiller farmers. On 
the other hand, there were no differences in household 
sizes (including all persons, both family and non-family 
members, residing in the household head’s house at least 
one month/year, but not including children or other imme­
diate family members who no longer reside in the household 
at least one month/year) among the different strata (table 
17).
Most farmers did. not have a secondary occupation.
There were, however, significant differences in secondary 
occupations among both locations and strata. More farmers 
in all strata in the two Laoag B barangays also worked as 
nonfarm laborers than did farmers in either the Dingras or 
Laoag A barangays (table 17) (there were no differences 
among strata within Laoag B). One of the two Laoag B 
barangays was near the national highway where there were 
various small business establishments such as concrete
TABLE 17 
AGE, EDUCATIONAL ATTAINMENT, 








up to elementary (%) 
































































aIn earlier reports on this data, inversion of figures for these two categories in 
Laoag A resulted in an erroneously high percentage of farm laborers for Laoag A.
^These two categories were combined for X^ tests of independence of strata and 
secondary occupations within Dingras + Laoag A.
cIn this and all subsequent tables in this chapter, statistical significance is based 
on tests of independence done on numbers of farmers or responses before conversion 
of the numbers to the percentages shown in the tables.
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block factories, vehicle repair shops, lumber yards, and 
restaurants. The other barangay was near the coast which 
fishing provided a second source of income for some 
farmers.
In Dingras and Laoag A, there were significant 
differences among the three strata. Partitioning of the 
indicated that, contrary to hypothesis, owner-tillers 
were unlike large tenants, with a larger proportion of 
owner-tillers also engaged in secondary occupations, 
including a surprisingly large percentage who work as 
occasional farm laborers. In contrast, few large tenant 
farmers had a secondary source of income. Small tenant 
farmers were Intermediate between the other two strata, 
with about half having secondary sources of income (table 
17).
Parmer Access to Information on New Production Technology
Analysis of changes in livelihood over the past five 
years indicated no significant geographical variation in 
the population. Overall, there was a very slight deteri­
oration in livelihood in the minds of farmers of -.02 on 
the following scale: +2 = "improved a lot"; +1 = "improved
a little"; 0 = "same"; -1 = "worsened a little"; -2 = 
"worsened a lot." The proportion of large tenant and 
owner-tiller farmers, 29%, who felt that their lives had 
improved during the past five years was, however, signifi­
cantly greater than the proportion of small tenants, l̂ /S,
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who felt similarily. In addition, all of the farmers who 
felt their lives had improved greatly in the past five 
years (+2) were large tenants. As a result, the mean 
decrease in livelihood was marginally greater for small 
tenants, -0.4, than for large tenants and owner-tillers, 
-0.1.
The reasons most commonly cited by farmers who felt 
their livelihood had improved during the past years related 
to technology, primarily improved rice cultivars and tech­
niques. On the other hand, 82% of those farmers who felt 
that their lives had stayed the same during the past five 
years cited negative reasons, indicating that the response 
of "same" meant "no improvement" for most farmers. There 
was ,considerable geographical diversity in the reasons 
given by farmers who have not seen an improvement in their 
livelihood, with farmers in Dingras tending to place more 
emphasis on economic factors than farmers in Laoag. The 
latter had more problems with poor yield (small tenants) 
and other non-economic problems (large tenants and owner- 
.tillers) (table 18).
The above trends were further confirmed in more 
specific form in the main problems in farming cited by 
farmers. Dingras farmers almost exclusively specified 
economic factors in general and fertilizer cost in parti­
cular as their most important problems. In contrast, Laoag 
farmers uniformly gave water as the most important single
TABLE 18 
CHANGE IN LIVELIHOOD 
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12 39 16 12 22
index
131
32 57 11 155
44 32 24 114
49 15 36 129
21 30 49 115
Dingras 1 vs. Laoag 
Dingras 2+3 vs. Laoag
**
*
at = small tenants 
T = large tenants 
numbers = barangays
ot = small owner-tillers 
OT = large owner-tillers
In all subsequent tables in this chapter, the aboye notation is used to designate strata 
and indicate locations, .
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or first problem. As secondary problems, farmers in 
Laoag A primarily cited economic factors, whereas farmers 
in Laoag B more often cited other factors (primarily 
diseases and pests) (table 19).
The above data suggest a strong association between 
the spread of MV rice technology and improvement in the 
livelihood of farmers. On the other hand, however, this 
association appears to hold.for only a relatively small 
proportion of the population. Critical, therefore, to the 
evaluation of the potential benefit of new vegetable pro­
duction technology for the rainy season, when the main crop 
or rice is planted, is the question of technology dissemi­
nation. If most farmers have been exposed to MV rice 
technology, then the data on livelihood change is signi­
ficant because it would suggest that MV rice technology 
alone has not been sufficient to better the livelihood 
of the majority of farmers'(although its spread may very 
well have prevented more serious deterioration in liveli­
hood that could have otherwise occurred without it).
First, the mass media are not significant sources of 
information for farmers. In contrast to Central Luzon, 
where it is no longer unusual to see farmers’ houses with 
television, only 1% of the farmer respondents in Dingras 
and Laoag had a television set. Similarly, only 1% receive 
a daily newspaper (newspapers in the Philippines have been 
published mostly in English; some are also published in
TABLE 19 
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Responses and locations or strata listed in each response type were different from one 
another at either the 5% or 1% levels of significance.
^Second, third, fourth, and unordered responses.
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Tagalog), and only 3$ have received a publication from 
IRRI (these also are published in English, primarily for 
dissemination to researchers and extension agents). Even 
weekly magazines such as the Ilocano vernacular Bannawag 
are not very widespread. Only 11# of the farmers overall 
receive a weekly magazine, with owner-tillers being the 
chief recipients. Most farmers do have functioning radios, 
including over 60# of the small tenants and greater than 
three quarters of the large tenants and owner-tillers 
(table 20). Nevertheless, few farmers said that radio or 
other mass media were the best means of making new vari­
eties or techniques known to them (table 21).
Instead, for information on new technology, especially 
for rice production, farmers look to the extension agents, 
appropriately called "technicians" in the Philippines.
This conclusion is borne out not only in the percentages 
of responses, but also in the words of several farmers who 
were more expressive in their responses. For example, one 
farmer said that technicians should "live in the barangay" 
(rather than commute from the poblacion from time to time). 
Other farmers stressed that the technicians should "come 
to our actual transplanting" and "plant and teach me" 
(tables 20 and 21).
One of the major activities of the technicians is 
planting demonstration plots of new varieties of major 
crop plants. Most farmers in all strata in Dingras and
TABLE 20 
SOURCES OF INFORMATION 









































Dingras + Laoag A 71 6 8 14 101Laoag B 50 12 20 18 100
Vegetables
Dingras 1+2 + Laoag A 60 7 10 10 13 100Laoag B 38 20 16 10 16 100
Dingras 3 20 20 20 12 28 100
Significance of comparisons15 D-l+2, LA, D-l+2 D-3, D-l+2, D-3,
D-3 LB LA LA LB LB
\ / V
V “ V  —
rice NS (*) NS *
vegetables ** (*) NS ** * (+)
aIn earlier reports on this data, inversion of columns for "yes" and "no" resulted in an 
erroneous figure of 31# for farmers owning radios.
^Parentheses indicate significance after partitioning.
TABLE 21
PREFERRED MEANS OF INFORMATION DISSEMINATION
Crop and location
Rice
Dingras 1+2 + Laoag A-l 
Dingras 3 + Laoag A-2 
+ Laoag B
Vegetables
Dingras 1+2 + Laoag A-l 
Laoag A-2
Dingras 3 + Laoag B
Farmers1 preferred means of 
having information on new technology 









































































aParentheses indicate significance after partitioning.
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Laoag A say they have seen demonstration plots for rice, 
although less than half of the farmers in all strata in 
Laoag B have had the opportunity to see such a plot. Thus, 
there appears to be a high degree of exposure to MV rice 
technology in the majority of the barangays in Dingras and 
Laoag. Parmer behavior after having seen the demonstration 
plots is, however, not uniform. For rice, the seven sample 
barangays can be divided into .three high exposure groups 
plus the Laoag B low exposure group (table 22):
(1) "Outgoing doers":
These are the farmers in Laoag A and barangay 3 
in Dingras. Most of these farmers have both 
planted the new varieties after having seen 
them (80% of those having seen demonstrations, 
and 5 5% of all farmers in those barangays) and 
also told their neighbors about what they saw 
(63% of those having seen demonstrations, and 
43% of all farmers). Most of the large tenants 
and owner-tillers have also sought additional 
information on the new varieties they saw (50% 
of those large tenants and owner-tillers who 
have seen demonstrations, and 39% of all large 
tenants and owner-tillers in those barangays).
On the other hand, few small tenants have sought 
additional information (25% of those small
TABLE 22
PARMER EXPOSURE TO DEMONSTRATION PLOTS AND 
BEHAVIOR AFTER EXPOSURE
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aAnalyses in these categories were done separately on barangays with higher and lower 
exposure to demonstration plots.
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tenants who have seen demonstrations, and 18# 
of all small tenants in those barangays).
(2) "Silent seekers" and "lookers only":
These are the farmers in Dingras 2. The large 
tenants and owner-tillers in this barangay, who 
make up 48# of the sample, comprise the first 
group here. Like the "outgoing doer" large 
tenants and owner-tillers of the first group, 
these farmers also sought additional information 
on what they saw in the demonstration plots.
Unlike the "outgoing doers," however, fewer of 
the farmers in any of the strata in this barangay 
have either planted (only 36# of those having 
seen demonstrations, and 26# of all farmers in 
this barangay) or told their neighbors about 
what they saw (only 21# of those having seen 
demonstrations, or 16# of all farmers in this 
barangay). The small tenants, who make up 52# 
of the sample and few of whom have either 
planted, talked about what they saw, or sought 
additional information, comprise the second group 
in this barangay.
(3) "Outgoing seekers":
These are the farmers in Dingras 1. Like the 
"silent seekers," fewer have planted, but in 
contrast to the "silent seekers," a good portion
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of these farmers have told their neighbors 
about what they saw. In this barangay, 6h% of 
the sample farmers are large tenants (the high­
est proportion of large tenants among all seven 
sample barangays), and an additional 12# are 
owner-tillers. Furthermore, this barangay has 
a young and energetic captain who is active in 
all of the puroks of his barangay. These fac­
tors thus probably explain both the greater 
amount of Information exchange and the uniformity 
of Interest in seeking additional information 
(71# of all farmers who have seen demonstrations, 
and of all farmers in the barangay) that are 
characteristic of this barangay.
(4) "Low exposure farmers"
These are the farmers of Laoag B. Most of the 
farmers in this barangay who have had a chance 
to see a demonstration plot have planted the 
new varieties, told their neighbors about what 
they saw, and sought additional information (60, 
65a and 50# respectively of farmers who have 
seen demonstrations), but because farmers with 
exposure are a small proportion of all farmers 
in this barangay, the percentages of all farmers 
who have planted, exchanged information with
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their neighbors, or sought additional information 
are low (2^, 26, and 20$ respectively).
In contrast to the high degree of exposure to new rice 
technology, exposure to demonstration plots of new vari­
eties of vegetables is considerably lower and less uniform. 
In Laoag A and one barangay in Dingras, 39% of the respon­
dents have seen vegetable demonstration plots. In those 
areas, however, there is a significant difference among 
strata: whereas over one half of the large tenants and
owner-tillers have had an opportunity to see such plots, 
only one quarter of the small tenants have had such an 
opportunity. In Laoag B and the remainder of Dingras, the 
percentage having seen vegetable demonstration plots was 
insignificant, only 6%.
Only in Laoag A, however, do a good proportion of the 
farmers who have seen demonstrations actively seek addi­
tional information (53% of those farmers having seen demon­
strations, and 18% of all sample farmers in the barangay). 
In contrast, in the Dingras barangay, close to the BPI 
experiment station but also a major rice-growing area 
with good irrigation facilities, only 4% of the farmers 
(8% of those having seen demonstration plots) sought 
additional Information. Moreover, in response to the 
question as to whom they ask when they need information 
about vegetables (for example, for fertilizer or pesticide 
recommendations) the most frequently-given response (28%)
87
by farmers in this barangay was, "We don’t ask” (tables 
20 and 22).
In Laoag A as well as in Dingras 3, fewer farmers 
have actually planted the new varieties (34$ of those 
farmers who have seen demonstrations, and 13$ of all 
sample farmers in those barangays). Most of those farmers 
who have seen demonstrations have, however, talked with 
their neighbors (62$ of those farmers who have seen demon­
strations, and 24$ of all sample farmers). Thus, we can 
say that the farmers in Laoag A, especially the large 
tenants and owner-tillers, are "outgoing seekers” of new 
vegetable production technology, while the farmers in 
barangay 3 in Dingras are "talkers only," looking and 
talking but apparently less actively interested in vege­
table production.
Considered in its entirety, the above data suggest 
two important conclusions. First, where irrigation faci­
lities are good, there may be a tendency towards involution 
in the direction of rice monoculture. This is shown by the 
responses of farmers in barangay 3 in Dingras, who seem to 
be less interested in vegetable production in spite of 
relatively greater exposure to vegetable demonstrations.
The desire of farmers in such areas to intensify rice 
production appears to be limited primarily by the cost of 
fertilizer. Efforts to promote diversification of cropping 
patterns through the introduction of rainy season vegetable
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production may thus not be accepted by farmers in such 
areas unless dependence on commercial fertilizer can be 
reduced or returns great enough to justify the expense of 
purchased inputs can be demonstrated clearly to them.
Second, however, where irrigation facilities are not 
so adequate, farmers recognize that rice monoculture is 
not a viable alternative. Instead, in such areas, more 
farmers appear to be seeking diversification of cropping 
patterns on their own. Thus, we could expect that poten­
tial acceptability of rainy season vegetable production 
would be higher in areas like Laoag A.
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Experience with and Attitudes Towards Production 
of Seven Vegetable Crops__________________________
The questions in the attitudinal survey can be divided 
into three groups: questions on past farmer production
experience with the seven crops focused on in the survey 
(questions 3a, 3b, 3c, and 4); questions on the farmers’ 
overall evaluation of the seven crops (questions 5a and 
5b); and questions on attitudes towards planting times and 
crops with which farmers may not have had experience 
(questions 1, 2, and 3d; see Appendix 1). Several speci­
fic hypotheses were proposed regarding expected responses 
to these questions for each of the seven crops. .These 
hypotheses postulated that price and marketing were major 
factors which the farmers considered in their evaluation 
of vegetable production. In line with general hypotheses 
H4 and H5, they also postulated that large tenant farmers 
and owner-tillers would have had greater experience with 
vegetables and be more market-oriented (table 23).
The results of the survey indicate that past farmer 
experience with vegetable production is in close accor­
dance with the hypotheses for tomato, sweet potato, and 
mungbean. As hypothesized, essentially all farmers in all 
locations and strata have had experience with tomato and 
mungbean, and over three quarters plant these two crops 
every year. With the exception of one barangay in Dingras 
(barangay 3, which we have noted earlier is characterized 
by a tendency towards rice monoculture), nearly all farmers
TABLE 23 
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in all locations and strata have also had experience with 
sweet potato. Over half of the farmers overall plant 
sweet potato every year (table 2M).
Closer examination of the responses of farmers with 
experience with these crops indicates, however, that there 
are differences among locations and strata in the constancy 
of farmer planting of these crops. At one end of the spec­
trum are the farmers in Laoag A-2: nearly all plant both
tomato and mungbean every year in the same month. At the 
other end of the spectrum are the farmers of Laoag B, one 
quarter to one third of whom do not plant these crops every 
year. Intermediate between these two, depending on crop, 
are the farmers of Laoag A-l and Dingras.
Moreover, in the areas with greatest number of farmers 
who do not plant tomato and mungbean every year, owner- 
tillers and large tenant farmers differ from small tenant 
farmers. More owner-tillers and large farmers who plant 
every year vary the months in which they plant tomato than 
do the small tenants. (The same trend, significant only 
at the 10# level, was also observed in Dingras.) Likewise, 
in all locations, more owner-tillers and large tenant 
farmers who plant every year vary the months in which they 
plant sweet potato. For mungbean, more owner-tillers and 
large tenant farmers plant every year than do small tenant 
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The above data suggest the following pattern in the 
spread of vegetable production. Consistent with the 
hypotheses of this study, owner-tillers and large farmers 
begin vegetable production first, experimenting with dif­
ferent months. As their planting times become stabilized, 
small tenant farmers then follow their lead, until finally 
most farmers in the entire barangay are producing every 
year at the same time.
Planting times for tomato are closely related to 
climatic patterns. Less than 10# of the farmers in either 
Dingras or Laoag have planted in the period from April 
through August, corresponding to the end of the dry season 
through the peak of the rainy season. More farmers, 
approximately 30 to 50# depending on location, have planted 
in September, the last month of heavy rains prior to the 
start of drier and cooler weather in October. October, 
after the rainy season, is the month in which the greatest 
proportion, 69# of farmers in all locations except Laoag B 
barangay 2, have planted tomato. More than half of the 
Dingras and Laoag A farmers have also planted in November, 
and more than half of the Dingras farmers have planted in 
December as well. Thereafter, the number of farmers who 
have planted decreases nearly linearly to under 10# by 
April again. The months in which farmers most frequently 
plant also follow the same pattern, except that the
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concentration of planting times in October is even more 
marked (figure 6).
In addition to the significant differences among 
locations in planting times shown in figure 6, there are 
also significant differences among strata in both months 
in which farmers have planted tomato and in the constancy 
of frequent planting times. When both sets of differences 
are examined together, they reveal a pattern of greater 
variability among owner-tillers and large tenant farmers 
in tomato planting times (table 26).
First, the proportion of owner-tillers and large 
tenant farmers in Dingras and Laoag A who have planted in 
September is nearly twice that of small tenant farmers.
The proportion of farmers with planting experience who 
most frequently plant in September is not significantly 
different among locations or strata, 52$, and 73# of these 
farmers always plant every year in September. This means 
that proportionally twice as many owner-tillers and large 
farmers also plant every year in September than do small 
tenant farmers.
Second, 88# of all farmers who have planted in October 
except owner-tillers and large tenant farmers in Dingras 
frequently plant in October. Moreover, approximately 80$ 
of the farmers who frequently plant in October plant every 
year. Only lH% of the small tenant farmers, however, vary 
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aIn this and all subsequent figures in this chapter which 
show the percentages of farmers who have planted or most 
frequently plant each crop, differences between locations 
in each month were significant at the 5% or 1% level of 
significance based on tests of independence done on 
numbers of farmers before conversion of the numbers to 
the percentages shown in the figures.
TABLE 26
CONSTANCY OF TOMATO PLANTING TIMES 
































































































a LA , LB *
DA, LA 1.22 NS
DA, LB 2.42 NS
t, T + ot + OT within LA + DA *
b LB-1, LB-2 *
LA, LB-2 *
DA, LB-2 +
c DA, LA + LB **
t, T + o t + O T  within DA *
d LA, LB **
DA, LB +
t, T + o t + O T  within DA + LA
Note:
zHave planted: percentage of all farmers/group.
Frequently plant: percentage of farmers who have planted/group.
Every year, same month; every year, vary months; and not every 
year: percentage of farmers who frequently plant/group.
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remaining 64% who plant every year always plant in October. 
In contrast, nearly half of the owner-tillers and large 
tenant farmers who plant every year vary the months in 
which they plant (even though most frequently planting 
in October).
Third, more than twice as many owner-tillers and 
large tenant farmers in Dingras and Laoag A, 70%, have 
planted in November than have small tenant farmers, 37%.
Two thirds of the farmers in both strata regularly plant 
in November, but again nearly half of the owner-tillers 
and large tenant farmers who plant every year vary the 
months in which they plant while frequently planting in 
November. On the other hand, 82% of the small tenant 
farmers who frequently plant in November always plant 
every year in November.
Thus, overall, small tenant farmers tend to plant 
at the same time every year, primarily in October and 
secondarily in November. In contrast, more owner-tillers 
and large tenant farmers have experimented with earlier 
and later plantings, even while tending also to plant most 
frequently in October.
Comparison of the reasons why farmers have planted in 
September with the reasons why farmers have planted in 
October reveals another important difference among strata. 
In September, 88% of all farmers who have planted in that 
month gave single responses. The majority of those
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responses, 59#, cited factors related to custom, cropping 
patterns, and environment (categories A, B, E, and F in 
Appendix 3) as reasons for their having planted in 
September. The remaining 12% of the farmers gave multiple 
responses, 40# of which related to costs and returns (cate­
gory J in Appendix 3)* When all responses are considered 
together, however, the proportion of the responses of 
owner-tillers and large tenant farmers citing factors 
other than those relating to custom, cropping pattern, and 
environment, 58#, was significantly greater than the pro­
portion of the same kinds of responses of small tenant 
farmers, only 30#. Moreover, 28# of the responses of the 
owner-tillers and large tenant farmers related to costs 
and returns. This was also significantly different from 
the proportion of the responses of small tenant farmers 
citing costs and returns, 0#.
In October, in contrast, the proportion of multiple 
responses citing costs and returns as reason for planting 
was only one third that of September. As a result, the 
proportion of all responses citing costs and returns in 
October was less than half that of September. On the other 
hand, the proportions of single, multiple, and all respon­
ses citing factors relating to custom, cropping pattern, 
and environment were all higher than in September. Never­
theless, even in October, owner-tillers and large tenant 
farmers tended to cite more often than small tenant farmers
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other factors, including costs and returns, as reasons 
for planting in October (table 27).
The responses of farmer Fernando Agbayani, a large 
owner-tiller in Laoag A barangay 2, provide an excellent 
concrete example of this tendency towards greater sensiti­
vity to costs and returns among owner-tillers and large 
tenant farmers. Farmer Agbayani said that he has planted 
(and in fact plants every year) in September because of 
the high price of tomato in that month. On the other hand, 
he has not planted in October (in spite of the fact that, 
as we have seen, this is the traditional planting time for 
tomato of most farmers) because of "low prices" for tomato 
planted in that month.
Farmer Agbayani has not, however, tried planting 
during any of the rainy season months of May, June, July, 
or August. The reason he gives is because of "rotting."
His response is typical of the differences in reasons given 
by farmers for not planting in May, at the start of the 
rainy season. Farmers in Laoag, especially those in Laoag 
A barangay 2, more often cited specific production problems 
relating either to the environment or (as in farmer 
Agbayani*s. case) to plant growth, diseases, or pests as 
reasons for not having planted in May. When all responses 
are considered together, owner-tillers and large tenant 
farmers in Dingras also were similar to farmers in Laoag 
in more often citing specific production problems, as
TABLE 2 7 
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exemplified by farmer Eduardo Angin, a large tenant farmer 
in Dingras barangay 2. Parmer Angin would like to try 
planting in May, because "tomato prices are greater than 
F5.00 a kilo between May and August," but so far has not, 
because of "too much rain." In contrast, nearly one third 
of all the responses of small tenant farmers in Dingras 
cited more general reasons related to custom and cropping 
pattern for not planting in May (table 28).
Planting times for sweet potato also reflect climatic 
patterns. As with tomato, relatively few farmers have 
planted during the months of April through August. In 
Laoag B, however, 18% of the farmers have planted in June. 
No farmers in Dingras have planted in July and August, but 
7 to 8% of Laoag farmers have planted in those two months.
Parmer planting experience with sweet potato is 
highest during the period between September and January.
In contrast with tomato, however, farmer planting experi­
ence is not as concentrated in the month of October, and 
locational differences are much more important than differ­
ences among strata. A sizeable percentage of farmers in 
all strata in six of the seven barangays, H2% , have planted 
sweet potato in October, but only in Dingras barangay 3 
have a large percentage of farmers not also planted in the 
months that follow October. In that barangay, farmers who 
have planted in later months are no more than 21%. On the 
other hand, in all six remaining barangays in Laoag and
TABLE 28
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Dingras, 44% of the farmers have also planted in the month 
of November. Proportionally more owner-tillers and large 
tenant farmers, 52%, have planted in November, however, 
than have small tenant farmers, 35%. In addition, 55% 
of all farmers in Dingras barangays 1 and 2 and Laoag A 
barangay 2 have planted in December, and 42% of all farmers 
in Dingras barangay 1 and Laoag B barangay 2 have planted 
in January. Only in February and March do the proportions 
of farmers who have planted sweet potato begin to decrease 
rapidly, paralleling decreased farmer planting of tomato 
as the hot, dry season approaches (figure 7).
The months in which farmers most frequently plant 
sweet potato exhibit in more distinct form a similar pat­
tern. The percentages of farmers in all locations and 
strata who most frequently plant during the period from 
April through August are no more than 5% in any of these 
months. In addition, no more than 19% of the farmers in 
any barangay frequently plant in September, January, or 
February. Thus, the months during which farmers most 
frequently plant sweet potato are concentrated in October, 
November, and December. Moreover, there are no differ­
ences among locations or strata in the proportions of 
farmers with experience who frequently plant in these 
months, and the percentages for each month are also simi­
lar, 68, 77, and 73% respectively.
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FIGURE 7
MONTHS IN WHICH FARMERS HAVE PLANTED SWEET POTATO 
(Percentage of All Farmers)
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Because, however, as we have seen, there are 
significant differences among locations in percentages 
of farmers with planting experience in October, November, 
and December, the percentages of farmers who most fre­
quently plant in these three months are not uniform among 
the barangays. Instead, the farmers fall into three 
groups depending on whether only one or several of these 
three months are their main planting times for sweet 
potato. Farmers in Dingras barangay 3 form the first 
group. These farmers have only one main planting time, 
October, when 29% most frequently plant. Farmers In 
Laoag B and Laoag A barangay 1 comprise the second group. 
These farmers have two main planting times, October and 
November, when 29 and 34% respectively most frequently 
plant. Finally, farmers in Dingras barangays 1 and 2 
and Laoag A barangay 2 make up the third group. December 
is the peak planting time for these farmers, when 45% 
frequently plant. In addition, however, 34% of these 
farmers also frequently plant in November, and in two of 
these three barangays, 29% frequently plant in October 
as well (figure 8).
Farmer planting times for sweet potato are fairly 
stable. There are no significant differences among loca­
tions in the constancy of planting times of farmers who 
frequently plant in October, November, or December. One 
half or more of the farmers who frequently plant in each
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FIGURE 8
MONTHS IN WHICH FARMERS MOST FREQUENTLY PLANT SWEET POTATO

















of these months plant every year in that respective month. 
As was observed earlier, proportionally more owner-tillers 
and large tenant farmers in six of the seven barangays 
have planted in November than have small tenant farmers.
On the other hand, however, over one third of the owner- 
tillers and large tenant farmers who plant every year 
vary the months in which they plant, even though most 
frequently planting in November. In contrast, all of 
those small tenant farmers who plant every year always 
plant in November (table 29)'. As a result, the percentage 
of owner-tillers and large tenant farmers who always plant 
every year in November, 21%, is only slightly larger than 
the same percentage of small tenants, 1752.
The above data indicate that the additional 
owner-tillers and large tenant farmers who have planted 
sweet potato in November do not plant only in November 
but rather vary their planting times. This in turn 
parallels the tendency towards greater variability in 
planting times of owner-tillers and large tenant farmers 
already observed for tomato. Unlike the case with tomato, 
however, there is no indication that owner-tillers and 
large tenant farmers tend to plant sweet potato earlier 
than do small tenant farmers.
Moreover, analysis of the reasons why farmers plant 
sweet potato indicates that, in contrast with tomato, 
sweet potato is not an economic crop. Not one farmer
112
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Have planted: percentage of all farmers.
Frequently plant: percentage of farmers who have planted,
Every year, same month; every year, vary months; and not 
every year: percentage of farmers who frequently plant/
group.
b o(*) indicates significance after partitioning of 2 x 3 X ,
cDoes not include Dingras barangay 3S in which only one 
farmer has planted in November.
Differences among locations not shown.
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cited costs and returns as a reason for planting sweet 
potato in September, November, or December, and only one 
farmer cited costs and returns in October. Furthermore, 
neither were there any significant differences among loca­
tions or strata in single, first, other, or all reasons 
why farmers planted in October, nor were there any signi­
ficant differences among all reasons for planting in 
September versus October. In all four months, the 
majority of the reasons cited by farmers for planting 
related to custom, cropping pattern, or favorable environ­
ment. From 15 to 35% of all reasons related to, favorable 
yield (table 30).
With the exception of Laoag A barangay 1, farmers 
generally cited production problems as reasons for not 
having planted sweet potato in May, at the start of the 
rainy season. In particular, the 25% of the farmers who 
gave multiple responses cited rain and other environmental 
problems in 7^% of their first responses and resulting 
poor yield most frequently in their following responses.
All significant differences were locational only; there 
were no significant differences among strata in any of 
the resulting locational groupings (table 31).
Planting times for mungbean contrast sharply with 
planting times for tomato and sweet potato. Farmers have 
two planting times for mungbean: the month of February
and the first week of August. In Dingras, more farmers
TABLE 30
REASONS FOR PLANTING SWEET POTATO 






















September5 29 29 21 0 21 117 NC NS
October
single 37 35 16 2 10
119
NS NSfirst 42 33 17 0 8 NS NS
other 0 83 8 0 8 NS NSall 32 43 15 1 9 NS NS
Novemberb,c 27 38 35 0 0 119 NC NS
December*3*0 26 43 30 0 0 128 NC NS
aNC: Not calculated due to insufficient numbers,
kAnalysis done on all responses only.
cAnalysis done for farmers in Laoag A and Laoag B barangay 1 only because of large 
percentages of non-response in other barangays.
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reported that they had planted In August, 71 to 92# of 
all farmers. Moreover, 53 to 80# stated that they fre­
quently plant in that month. In addition, 60# of all 
Dingras farmers have also planted in February, and 53# 
plant frequently in that month.
In Laoag, the converse is true: more farmers report
having planted in February, except in Laoag B barangay 1. 
Greater than three quarters, 77%, of all farmers in the 
remaining three Laoag barangays have planted in February, 
and 72# plant every year in February. Proportionally more 
owner-tillers and large tenant farmers in these three 
barangays, 88#, have planted in this month than have small 
tenant farmers, 66#. Nevertheless, in two of the above 
three barangays as well as in Laoag B barangay 1, 71# of 
all farmers have also planted in August, and 52# of the 
farmers in these barangays frequently plant in that month. 
Only in Laoag A barangay 2 have fewer farmers, 21#, planted 
in August; only a negligible fraction, 4#, of the farmers 
in that barangay frequently plant in that month.
Between 20 and 21# of all farmers have also planted 
in September and October, after the August planting time, 
but less than 10# frequently plant in those two months.
In several barangays, there is also some variation around 
the February planting time. In Dingras barangays 1 and 
2, 28# have planted earlier, in January, and 18# do so 
frequently. In the two Laoag A barangays, 27# have
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planted In March, and 19# do so frequently. In all other 
months, farmer experience with mungbean Is much more 
limited. Less than 10# of all farmers have planted In 
either the hot, dry month of April; the rainy months of 
May, June, or July; or the cool months of November and 
December. Even fewer, less than 5%, frequently plant in 
any of those months (figures 9 and 10).
The above pattern of farmer planting times for 
mungbean is not only, as we have- seen, quite uniform among 
locations and strata, but in addition it is also highly 
stable (table 32). Not only do 90# of all farmers who 
have planted in February frequently plant In that month, 
but over two thirds of those farmers always plant every 
year in February, and only 10# of the farmers who fre­
quently plant in February do not plant in that month every 
year. Likewise, 75# of all farmers who have planted in 
August frequently plant in that month. This percentage 
is somewhat lower than February but is still a substantial 
fraction. Moreover, at least two thirds of those farmers 
always plant every year In August. Only 17# of the farmers 
who frequently plant in August do not plant every year.
Moreover, the January and March planting times, just 
prior to or following the predominant February planting 
time, are also fairly constant planting times for those 
farmers who have planted in one of those two months. Over 
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CONSTANCY OF MUNGBEAN PLANTING TIMES
Months Have a planted
Frequently plant Significance 




















J anuary 17 53 69 19 0 13 NC NC
February 63 90 68 15 6 10 NS NS
March 15 58 67 7 7 20 NC NC
August 67 75 67 9 7 17 NS NS
September 21 39 50 14 0 36 NC NC •
October 20 41 50 21 7 21 NC NC
aHave planted: percentage of all farmers. Differences among locations and strata not
shown.
bFrequently plant (all): percentage of farmers who have planted. No significant
differences among either locations or strata in any of the six months. 
cEvery year, same month; every year, vary months; every year, variation not given; and
not every year: percentage of farmers who frequently plant.
dNot included in analysis of differences in constancy of planting times among locations
or strata.
eNC: not calculated due to insufficient numbers in some cells.
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frequently do so, and two thirds of those farmers who 
frequently plant in these months always plant every year 
In these months. Thus, January and March appear to be 
merely a variation of a predominant early planting date 
centered around February.
September and October, on the other hand, are 
somewhat less constant planting times. Less than half,
39 to 4l$, of the farmers who have planted in September 
or October plant frequently in these months. Propor­
tionally more farmers who frequently plant in September, 
36%, plant only occasionally rather than every year, than 
do farmers who frequently plant in October, 21$. One half 
or more of the farmers who frequently plant in these months 
do, however, always plant every year.
That August, in the middle of the rainy season, would 
be one of the two traditional planting times for mungbean ' 
was an unexpected finding. Farmers call the first-week- 
of-August planting time "Lunes ni Kodas," or "Judas’ 
Monday." Table 33 shows that few farmers who have planted 
in August gave either yield or costs and returns as reasons 
for planting at that time. Instead, over three quarters of 
all the responses of farmers in all locations and strata 
who planted in August cited factors related to custom or 
cropping pattern as reasons for planting in August. Over 
one quarter, 27$, of the farmers who cited factors related 
to custom gave the response "Lunes ni Kodas" itself as
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their reason for planting in August; these farmers 
comprised 1 of all farmers. The remaining responses 
related to custom were predominantly the response, "This 
is when we always plant."
Some of the responses related to custom even more 
explicitly indicated the traditional nature of the August 
planting date, such as the response of farmer Lucio 
Agulnaldo. Farmer Aguinaldo, who is still in his mid- 
thirties, said that he planted in August because "that is 
when the old men say to plant." The response that perhaps 
best exemplifies the linkage of all of these factors 
related to custom is, however, that of farmer Juan Antonio. 
Farmer Antonio, from a different barangay than farmer 
Aguinaldo but similarly in his thirties, explained that, 
"This is when we always plant because the old men say 
that Kodas is good."
In contrast, however, a portion of the farmers gave 
more specific, production-oriented responses, primarily 
related to the environment. Such responses were more 
numerous among the 5% of the farmers who gave multiple 
responses (table 33). In particular, some of these farmers 
asserted that there were favorable environmental condi­
tions for planting in August. Several farmers stated that 
there are "dry spells" in August, or that "the right 
amount of rain falls," there are "few storms," or there is 
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aNC: not calculated due to insufficient numbers,
kAnalysis done on all responses only.
cAnalysis done for farmers in Laoag A only because of large number of non-response in 
other barangays. 123
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this line of reasoning is farmer Jose Domingo in Dingras. 
Farmer Domingo said that he had not planted in May or 
June because it was "hot” in those months. He had also 
not planted in September or October because of "rain."
On the other hand, he had planted in August, because there 
was "less rain" and mungbean planted then "grew well." He 
had also planted in late July "when it didn’t rain con­
tinuously (nepnep)» since sometimes there is nepnep in 
August." Likewise, in the same vein, farmer Adolfo 
Aguilar in Laoag also attested that there was less rain 
in August and, moreover, that "as long as the mungbean 
germinates when there is no rain, it doesn’t matter if it 
rains when it is growing."
The above statements of farmers seem to suggest that 
the August planting date has evolved as a means of taking 
advantage of a specific environmental niche, by planting 
in early August (or perhaps late July) when there are fre­
quent dry spells. Nevertheless, analysis of weather data 
recorded at the Gabu Airport near Laoag City does not cor­
respond with these assertions of farmers. As shown earlier 
in chapter 3» the frequency of dry conditions does increase 
again between mid-June and mid-July after the initial wave 
of heavy rains in late May, but from the last week of 
July until mid-August, the frequency of dry conditions 
then decreases, rather than increases. Moreover, after 
decreasing to 49 mm in early July following four
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consecutive periods of over 100 mm each, mean rainfall 
per 10- (or 11-) day period rises sharply in late July, 
to 227 mm. Thereafter, although there is some decrease 
in the next 10-day period, at 1̂ 42 mm mean rainfall in 
early August is still considerably greater than in early 
July (figure 4). Thus, the weather data does not support 
the assertion that late July and early August are times 
of frequent dry conditions favorable for planting and 
germination without heavy rain. In addition, as already 
shown in table 1, the frequency of tropical weather 
systems was highest in August and September. Moreover, 
although high winds (£64 km /hr ) were most frequent in 
July, they were also recorded in August or September in 
47£ of the years, or approximately every other year, 
during the fifteen year period from 1965 to 1979. The 
weather data therefore also does not support the assertion 
that mungbean planted in August is subject to few storms 
or high winds.
Comparison of farmers’ attitudes towards planting in 
August versus September reveals further incongruency. For 
the sample taken as a whole (disregarding locational dif­
ferences), 675S of all farmers have planted in August, the 
peak rainy month, yet 79% have not planted in September, 
also a rainy month. Table 34 shows, however, that in six 
of the seven sample barangays, 33% of the responses of 
farmers who had not planted in September cited reasons
TABLE 3^
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related to environmental conditions, primarily rain 
(73% of the responses citing environmental factors, and 
2k% of all responses). If excessive rain limits mungbean 
production in September, then logically it should also 
limit mungbean production in August, the peak rainy season 
month. Conversely, if rain is not really a limiting fac­
tor in August, then it also should not limit production
in September.
In contrast to the above Incongruency in the responses 
of a substantial portion of the farmers is the response of 
farmer Honofre Manuel to the question as to whether it was 
possible to plant during the period from May to October. 
Parmer Manuel, a Dingras farmer who always plants mungbean 
every year in August and December (and has never planted in 
any but those two months), answered thusly: "We plant in
August ("Lunes ni Kodas") which is rainy, yet [the crop]
does all right, so the other rainy months are probably all
right [for planting] too."
On the other hand, however, many of those farmers who 
have planted in September and October appear to be explor­
ing the possible benefits of planting more towards the end 
of the rainy season. Table 33 shows that in both months, 
over half of the small tenant farmers cited environmental 
factors, all related to reduced or moderate amounts of 
rain or soil moisture, as reasons for planting in one or 
the other of these months. In addition to a smaller
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proportion who cited similar environmental factors, 
approximately one quarter of the owner-tillers and large 
tenant farmers cited improved yield as reasons for plant­
ing in these later months. Overall, ^9% of the responses 
of all farmers who have planted in September and ^5% of 
those of all farmers who have planted in October cited 
factors related either to environment or yield as reasons 
for planting. In addition, 10% of all farmers who have 
planted in September and 62% of all farmers who have 
planted in October have also planted in August. These 
observations therefore suggest that a portion of the 
farmers who plant in August plant then in spite of rainy 
conditions which they do not necessarily consider to be 
favorable for mungbean production.
If, therefore, neither a relative absence of rain at 
planting time nor a decreased frequency of storms or high 
winds thereafter is the crucial factor which makes planting 
in August possible, what then is the explanation for the 
"Lunes ni Kodas" planting time? Several farmers, like 
farmer Purissima Valencia, pointed out that there is no 
rain at flowering, fruiting, or harvest time when mungbean 
is planted in August. As farmer Valencia put it, "It rains 
when you plant, but it’s dry when you pick." This observa­
tion is significant for two reasons. First, it is in 
accordance with the actual climatic pattern of rapidly 
decreasing rainfall after mid-September. Second,
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germination on the pod due to rain can seriously affect 
the yield of mungbean.
. Nevertheless, the question still remains as why then 
do most farmers not plant mungbean at the same time as 
tomato or sweet potato, after the rains are finished, for 
example in October, rather than in the middle of the 
rainy season in August. The explanation may lie in a 
combination of labor availability, subsistence needs, and 
avoidance of disease. As will be shown in the next sec­
tion of this chapter, by August rice transplanting is 
completed and farmers enter a slack period. Moreover, 
since mungbean is traditionally planted in August by 
broadcasting the seed in upland areas, land preparation 
is not a problem even though the rainy season is nearing 
its peak. This, therefore, may be the implicit logic 
behind the large number of responses related to custom 
and cropping pattern. Furthermore, as also will be shown 
subsequently, farmers consider the primary advantage 
of growing mungbean to be for use for home consumption.
In this regard, it is significant that the two main mung­
bean planting dates of August and February divide the year 
into two equal six-month segments. Among the other respon­
ses of farmers for planting in August was the response,
"for seed," given by 5% of the farmers. As farmer Andres 
Jose explained, he plants in August because, "We will have
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used up all the seed we picked in May [from the February 
plantingJ for sida [food eaten with rice]."
In addition, planting too late also appears to result 
in increased incidence of powdery mildew. In the 
Philippines, powdery mildew is almost exclusively a 
disease of the cool, dry season, favored especially by 
the cool nights, relatively high humidity, and trace 
amounts of rainfall that characterize that period of the 
year (58, 81). Farmers associate whitening of the leaves 
(the most outstanding symptom of powdery mildew) with dew, 
so the response of farmer Honorio Garcia is significant. 
Farmer Garcia said that he planted in August because,
"It Isn’t too cold, there isn’t any dew yet, and the 
flowers are not damaged.”
Farmers’ reasons for planting in February are overall 
similar to the reasons given for August (table 33)* As in 
August, few of the farmers gave either yield or costs and 
returns as reasons for planting at that time. Instead, 
again as in August, over three quarters of the responses 
of farmers in all locations and strata cited factors 
related to custom and cropping pattern. As in August, the 
implicit logic behind these responses is probably labor 
availability. As will be shown subsequently, February is 
again a time of considerable labor availability, since 
both harvesting of the main rice crop planted in July and
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planting of the second rice crop on Irrigated land is 
complete.
In addition, a portion of the farmers, especially 
the 18# who gave multiple responses, cited more specific, 
production-oriented factors. Among those were several 
farmers whose responses provide further evidence that 
disease avoidance is one of the reasons for the tradi­
tional planting times. Three farmers, each from a differ­
ent barangay in Laoag, independently said that they planted 
in February because there was less dew. Although February 
itself is the coolest month of the year, by the time the 
plants germinate and become well established, night tem­
peratures will be higher and the danger of powdery mildew 
less. Moreover, although mungbean is responsive to irri­
gation, it is a deep-rooted, drought-tolerant plant that 
will still produce in the hot, dry months of March and 
April (33). On the other hand, mungbean planted in 
November or December would be subject to conditions most 
favorable to powdery mildew development throughout its 
growth. Conversely, conditions would be excessively dry 
at planting if the mungbean were planted too late, for 
example in April. In addition, a late planting date would 
subject the plant to heavy rain at fruiting and harvest 
time.
Thus, when all factors are considered together, the 
traditional August and February planting sequence appears
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to be the optimum sequence In a subsistence system. It 
enables farmers to maintain a stock of seed throughout 
the year by utilizing labor at times when It Is not 
needed for the staple crop, rice. While these constraints 
may result in some sacrifice of yield by planting in 
August rather than October, the sequence does permit 
avoidance of other adverse environmental conditions such 
as heavy rainfall at harvest time, cool temperatures 
favoring powdery mildew development, and extreme moisture 
stress.
In spite of the fact that examination of all factors 
thus suggests that the traditional planting sequence is 
logical, it is nonetheless significant that the majority 
of farmers do not perceive the reasons for the sequence 
in terms of such a consciously thought-out rationale. 
Especially intriguing is the fact that village society 
has instead codified the August planting time in this 
sequence using Roman Catholic religious terminology, since 
Catholicism is generally considered to be mostly super­
ficial in its effects on rural society in the Philippines 
(78, 111). What would have been less surprising as a 
traditional justification for this planting date would 
have instead been a belief in a need to please spirits 
of the field.
As we have seen, therefore, although nearly all 
farmers have had experience with tomato, sweet potato,
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and mungbean, both planting times and reasons for those 
planting times are not the same among the three crops. In 
spite of the greater importance placed by a portion of the 
owner-tillers and large tenant farmers on economic consi­
derations in deciding when to plant tomato, however, 
table 35 shows that in their overall evaluation of their 
three crops, farmers in all locations and strata indicated 
that the primary advantage of growing all three is the 
same: for family use.
Many farmers expressed family use in the phrase, "It 
serves the body." Only two farmers cited factors specifi­
cally related to nutrition, and significantly, both were 
young farmers with some high school education. In Dingras, 
farmer Ruben Agcaoili, age 30 and with three years of high 
school education, noted that tomato was a source of vita­
mins. In Laoag, farmer Honorio Garcia, a 25-year-old high 
school graduate and a farmer whose reasons for planting 
mungbean in August we have quoted earlier, stated that 
mungbean was "more nutritious than eggplant" (which is used 
in many Ilocano dishes), and "can take the place of meat."
In spite of the fact that the majority of all 
responses cited family use as the main advantage of all 
three major vegetable crops, there is some evidence that 
farmers placed relatively more emphasis on economic returns 
as the advantage of tomato production. In particular, 
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cl P(*) indicates significance after partitioning of 2 x 3 X .
NC: not calculated due to insufficient numbers in some cells.
bNo significant differences among locations.
QNo significant differences among strata.
dComparisons among strata not calculated due to insufficient numbers in some cells.
0Multiple response index: 
tomato: Dlngras = 127.
Laoag =1*11. 
sweet potato: Dingras-1 = 183.
Dingras-2+3 + Laoag A + B = 127.
mungbean - 139.
(No significant differences among strata in any crop-location combination.)





have planted tomato, 70% of all those who have planted 
sweet potato, and 63/S of all those who have planted mung­
bean) overwhelmingly cited family use as the advantage of 
growing all three crops. Nevertheless, the proportion of 
farmers giving single responses who consider economic 
returns to be the main advantage of growing tomato, 
although only 12$, was significantly greater than the
corresponding proportions of farmers who consider economic
returns to be the main advantages of growing mungbean or
sweet potato, 2 and 5% respectively.
In multiple responses there was also a degree of 
emphasis on economic returns as the main advantage of 
growing tomato. Farmers in both Laoag and Dlngras who gave 
multiple responses for tomato cited economic returns more 
often in first responses and family use in second respon­
ses. On the other hand, for mungbean, only farmers in 
Laoag who gave multiple responses similarly cited economic 
returns first and family use second; in Dlngras, family 
use was the first advantage of growing mungbean and econo­
mic return second. For sweet potato, farmers tended to 
divide multiple responses more or less equally among family 
use, economic return, and use for animal feed.
Comparison of the content of the responses related to 
economic returns for tomato and mungbean provides addi­
tional evidence for the greater relative economic value 
of tomato. For both crops, the response which the majority
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of all farmers most frequently gave was simply "for sale." 
A larger proportion of the responses for tomato were, how­
ever, more specifically related to income, either directly 
because of high price and "money," or indirectly through 
income substitution by not having to buy tomatoes for home 
consumption. This difference is shown in the following 
percentages (comparisons significant at 1% (#), 5% (**), 
or non-significant (NS) by X2 test of numbers of responses 
before transformation to percentages):
These results also parallel the contrast observed 
earlier in reasons for planting tomato and mungbean at 
different times. Thus, although economic returns are an 
advantage cited by similar proportions of farmers for both 
crops, the data suggest a subtle but significant differ­
ence in the economic orientation of farmers towards the 
two crops. On the one hand, relatively more farmers 
actively seek to maximize economic returns from tomato 
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higher tomato prices earlier In the season. On the Other 
hand, essentially all farmers plant mungbean at traditional 
times primarily In order to maintain a stock for home con­
sumption, and sale of mungbean appears to be more a corol­
lary activity only.
Nevertheless, considered In their totality, the above 
data do not provide support for the initial hypotheses that 
farmers see large markets as the main advantages of grow­
ing either tomato or mungbean. Rather, the data Indicate 
that both tomato as well as mungbean are primarily sub­
sistence crops and only secondarily market crops. These 
data also do not support the hypothesis that farmers see 
reliable yield as the main advantage of growing sweet 
potato. Instead, sweet potato is also even more so pri­
marily a subsistence crop. It may, however, have an addi­
tional indirect economic importance in that farmers also 
use the vines to feed pigs. Nearly all farmers raise at 
least one pig for sale during the course of a year, and for 
many farmers this is the only major source of cash income.
Table 36 shows that farmers in all locations and 
strata consider plant growth, diseases, and pests to be 
the greatest problems in growing both tomato and mungbean. 
Nevertheless, responses were not uniform among locations 
and response types. In particular, farmers in the two 
Laoag A barangays who gave single responses for tomato 
cited problems related to the costs and returns of tomato
TABLE 36 
MAIN PROBLEMS IN GROWING 
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36 31 3 6 2541 9 9 18 22
37 13 7 16 27
5 4 10 12 70
70 13 5 13 0
67 12 6 14 0
40 0 0 50 10
72 16 4 8 0
73 19 3 5 0
30 0 10 60 0
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3. o(*) and (+) indicate significance after partitioning of 2 x 3 X . 
bNo significant differences among locations.
QNo significant differences among strata.
dComparisons among strata not calculated due to insufficient numbers in some cells.
0Comparisons among locations and strata not calculated due to insufficient numbers in 
some cells.
fMultiple response index: 
tomato: DA-1+2 = 114.
DA-3 + LAB =138. 
mungbean: DA-1+2 + LA-1 = 118.
DA-3 + LA-2 + LB = 149.
sweet potato: DA + LB = 103.
LA = 117.
























production almost as frequently as they did problems 
related to plant growth, diseases, and pests. In con­
trast, less than 10% of the farmers In both the Laoag B 
and Dlngras barangays who gave single responses cited pro­
blems related to the economic costs and returns of tomato 
production. The responses of all farmers who gave single 
answers for mungbean were intermediate but more like the 
responses for tomato of farmers in the latter barangays 
(although the differences between responses for tomato in 
each location and mungbean were not significant at the 5% 
level, the greater proportion of responses in Laoag A 
citing problems associated with economic costs and returns, 
amount of work required, and availability of resources for 
tomato production was different from the relative propor­
tion of the same group of responses for mungbean at the 
10# level of significance.)
On the other hand, farmers in both Dingras and Laoag 
who gave multiple responses overwhelmingly cited problems 
associated with plant growth, diseases, and pests of 
tomato and mungbean in both first and succeeding responses. 
Most of the multiple responses in this category cited 
insect pests more frequently than diseases or poor plant 















Category total 100 100 100 100
There were no significant differences either among loca­
tions or strata for each crop-response type combination, 
or between tomato and mungbean for either first or succeed 
ing responses.
Farmers who cited growth, diseases, and pests in 
single responses similarly placed greater emphasis on 
pests. A significantly greater proportion of the single 
responses for mungbean, however, related to poor growth 
and diseases than did the single responses for tomato.
This was primarily due to a significantly greater propor­
tion of owner-tillers and large tenant farmers citing poor 
growth as their main problem in mungbean production (per­
haps reflecting their greater ability to purchase pesti­
cides), as the following percentages show (comparisons 
significant at 5% (*) or non-significant (NS) by X2 test 
of numbers of responses before transformation to percen­
tages):
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Response Tomato Mungbean 
all t T +
ot + OT
Growth (G) 6 30 14 45
Diseases (D) 20 20 27 14Pests (P) 74 50 59 41




G, D NS *
P, G + D * NS
In light of the above data, we must therefore reject 
the lntial hypothesis that diseases are the most Important 
problems of farmers In tomato production.
The most common problem associated with plant growth 
cited by farmers for both tomato and mungbean was dropping 
of the flowers from the plant. The diseases of tomato 
most commonly cited by farmers were fungi (aplat), rot, and 
seedling diseases (including failure to germinate, poor 
stand, or death immediately after germination). Over half 
of the disease problems cited for mungbean related to fungi 
in general and whitening of the leaves associated with 
powdery mildew in particular (table 37).
Many of the responses related to pests of both tomato 
and mungbean were very general and referred simply to 
insects and worms (igges). This tendency parallels the 
results reported by IRRI investigators on farmer recogni­





PROBLEMS ASSOCIATED WITH 
PLANT GROWTH AND DISEASES OF TOMATO AND MUNGBEAN 
(Percentage of Responses 
in Each Category - Response Type Combination)
Subcategory Tomato Mungbean
sin­ multi­ all sin­ multi­ all
gle ple gle ple
flower drop 100 57 70 85 50 76other 0 ^3 30 15 50 24n 3 7 10 13 4 ' 17
diseases in general 11 15 14seedling diseases 30 6 15 5 3fungus 10 41 30 56 35 4l"white on leaves" or 20 14
powdery mildew
virus ("crinkling" 6 22 5 10or "mosaic")
wilt 20 7rot . 30 24 26 11 10 10
death 10 6 7 10 7other 18 11




Ilocano (70). For both tomato and mungbean, however, 
many of the farmers specified the portion of the plant 
attacked. For both crops, worms on the fruit or pods 
(bunga) were the most frequently-cited-problem. White 
grubs (abalin) were the most frequently-cited specific 
pest of tomato, and stlnkbugs (dangaw) were the most 
frequently-cited specific pest of mungbean. Significantly, 
no farmer recognized that beanflies laying eggs early in 
the season on mungbean stems can be a major cause of yield, 
reduction (table 38). Research both at AVRDC and in the 
Philippines has demonstrated the importance of beanfly 
control in the first three weeks after germination (9, 84), 
but IRRI investigators have similarly reported that 
farmers in other locations of the Philippines are also 
unaware of the potential damage that beanflies on mungbean 
can cause (70).
When both single and multiple responses are considered 
together, the percentage of responses citing problems asso­
ciated with plant growth, diseases, and pests approaches 
or exceeds 50% in all locations for both tomato and mung­
bean. The differences among locations are in the relative 
degree of importance placed on economic costs and returns. 
This is highest in Laoag A barangay 2 for tomato, and, 





PESTS OP TOMATO AND MUNGBEAN 
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pests in general 22 10 16 23 12 15insects 6 5 5 5 13 11worms 8 4 4 3
white grubs 8 10 9 4 3
army worms 5 3 2 1aphids 5 2 3stinkbugs 3 1 18 8 11
worms on leaves 6 18 12 5 17 14
worms on flowers 3 1 5 2 3worms on fruit or pods 56 40 47 32 33 32
storage weevils 2 1
other 9 2 4
n 36 40 ~7F 22 52 74
XTOO
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Thus, we must reject the Initial hypothesis that the 
most important problem of farmers in mungbean production 
is low price. In fact, low price was not cited by any 
farmer as a problem with either tomato or mungbean. All 
of the economic problems of both crops related to the high 
costs of inputs, and reflecting the concern of farmers 
with pests, greater weight was placed on pesticide cost 
than on fertilizer cost. In addition, lack of a sprayer 
comprised one third of the responses related to the diffi­
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category total 100 100
Significantly, no farmer mentioned repeated harvesting 
of mungbean as a disadvantage, although 8% did cite as a 
disadvantage that the work of picking mungbean was arduous.
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Moreover, a number of farmers who observed the field 
experiments or heard one of the introductory slide talks 
on rainy season vegetable production were impressed with 
the fact that AVRDC mungbean bore pods more than once. 
There is, in fact, even a specific term in the farmers’ 
vocabulary for a variety for which repeated harvesting 
is possible, ’’Adda darundonna.” Thus, although breeding 
for more uniform maturity in order to reduce multiple 
harvesting of mungbean is an objective of the AVRDC 
mungbean program (7), this objective may not be as 
important for subsistence production in the Philippines 
as it is in Taiwan, where agriculture itself is more com­
mercial and where rural industrialization has created com­
petition with agriculture for scarce labor.
In sharp contrast to the many problems cited by 
farmers in tomato and mungbean production, two thirds of 
all farmers, 66%, said that they had no problems with 
sweet potato production. Only 7% of the farmers overall 
gave multiple responses for sweet potato, and less than 
half of those related to plant growth, diseases, and 
pests. Thus, overall, only 9% of all responses cited 
such problems, with the overwhelming majority involving 













Overall, 17# of the responses cited other problems, Includ­
ing lack of good varieties, poor yield, and Insufficient 
water (5#, 3#, and 3# respectively of all responses). Only 
3# of all responses cited economic factors, all of which 
related to Input costs and none to low price (table 36).
The above data indicate that we must therefore reject 
the initial hypothesis that low price Is the main problem 
of farmers in sweet potato production. Instead, the data 
further corroborate the conclusion which we have already 
reached that sweet potato is not an economic crop. On the 
other'hand, the fact that the majority of farmers say they 
have no problems in sweet potato production may be indirect 
evidence that they consider its yield to be satisfactory 
and/or reliable, in accordance with the initial hypothesis 
on the advantage for farmers of sweet potato production.
Data from the final section of the survey on farmer 
consumption of tomato, mungbean, and sweet potato provide 
additional evidence for the contrasts we have observed 
among the three main vegetable crops. Reflecting its 
importance as a basic food as well as confirming the 
initial hypothesis on consumption, mungbean consumption is
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relatively constant throughout the year. Peak consumption 
In June and July follows harvest of the February crop and 
also coincides with planting of the main rice crop. 
Nevertheless, the range between June, when 83% of all 
farm households consume mungbean, and February, when con­
sumption Is lowest at 63%, Is only 20% (figure 11). More­
over, also In accordance with Initial hypothesis, a sub­
stantial portion of the farm households, 26%, indicated 
that they had a minimum weekly requirement for mungbean.
Only 2%, however, had a minimum daily requirement for 
mungbean.
In contrast with mungbean, tomato consumption is more 
variable. Peak consumption during February and March, 
when farmers harvest the tomato they plant after the rainy 
season and 90% of all farm households consume tomato, Is 
nearly double that in July and August. Nevertheless, even 
in the latter two months, in the middle of the rainy sea­
son, 51% of all farm households still consume tomato.
Since, as we have seen, few farmers in the region plant 
tomato between April and August, the relatively high rate 
of consumption even in the rainy season reflects both the 
importance of this vegetable in the diet and a resulting 
strong economic demand for tomato brought in from other 
regions (primarily the mountain highlands around Baguio) 
and sold in the market. In addition, although a smaller 
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had a minimum weekly requirement for tomato than did so 
for mungbean, the difference was not significant at the 
5# level. On the other hand, however, the proportion 
which had a minimum daily requirement was significantly 
greater for tomato, 6£, than for mungbean. Thus, the evi 
dence on both times of consumption and minimum require­
ments offers partial support for the initial hypotheses 
on consumption and in addition is consistent with the 
findings that more farmers take market factors into con­
sideration in planting tomato.
Sweet potato consumption is the most variable of 
the three major vegetables. Peak consumption in April, 
when 66% of all farm households consume sweet potato, is 
nearly five times the minimum reached in August when only 
13# consume sweet potato. This reflects the fact that 
sweet potato is less important than tomato or mungbean as 
a sida (food eaten with rice at meals). Instead, sweet 
potato is more a "treat" food used in merlenda (snacks). 
As such, it is a food that is enjoyed when it is avail­
able following harvest of the crop which farmers plant in 
November, but for most farm households it is not an indis­
pensable part of the diet. Consistent with this charac­
teristic of sweet potato usage, only 10# of the farm 
households indicated that they had a minimum weekly 
requirement for sweet potato. Moreover, the difference 
between this proportion and the higher proportions for
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tomato and mungbean was highly significant. In addition, 
only 2% reported that they had a minimum daily require­
ment for sweet potato; this proportion was significantly 
less than the higher proportion of 6% for tomato. The 
evidence thus does not support the initial hypothesis that 
sweet potato is consumed all year, but it is consistent 
with the above findings that sweet potato is primarily 
not an economic crop.
Contrary to initial hypothesis, nearly one third of 
all farmers, 31%» have had experience with soybean. These 
farmers are distributed throughout the population, with 
there being no significant differences among either loca­
tions or strata in the percentage of farmers who have 
planted soybean. Only 7% of all farmers, however, indi­
cated that they plant soybean every year; these farmers 
comprise 22% of the farmers who have had experience with 
soybean. There were also no significant differences among 
either locations or strata in the percentage of farmers 
with experience with soybean who plant every year.
Figure 12 shows that planting times for soybean are 
distributed over the entire year. Farmers have planted 
soybean in every month of the year except July, but in no 
month except May is the proportion of farmers who have 
planted soybean greater than 10%. In addition, farmers 
who always plant soybean every year in the same month are 
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of the following six months: May, June, September,
October, November, and January. Moreover, the month of 
May is an exception to this pattern only in Dingras 
barangay 3, where 32$ of the farmers have planted soybean 
in May and 8% always plant every year in that month. Out­
side of this one barangay, the proportion of farmers who 
have planted in May is significantly smaller and, like in 
the other months of the year, does not exceed 10$.
Figure 13 shows that consumption of soybean is 
similarly distributed over the entire year. The range 
of variation among months is only 5% between the maximum 
in December, when 35$ of all farm households consume 
soybean; and the minima in September and April, when 30$ 
consume soybean.
Overall, nearly one half of all farm households, 44$, 
consume soybean regularly in at least one month of the 
year. Approximately one quarter, 23$, of all farm house­
holds stated either that they had never seen or had an 
opportunity to taste soybean (11$ of all farm households, 
and 20$ of the 56$ who do not consume soybean), or that 
they were not accustomed to it (13$ of all farm households, 
and 24$ of those who do not consume soybean). The remain­
ing 32$ of all farm households (58$ of those who do not 
consume soybean) stated that they did not consume soybean 
because of unavailability, lack of plants, or because sub­
stitutes were available (primarily rice coffee). Thus, we
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must reject the initial hypothesis that most farm house­
holds do not know of soybean.
Over one third, 43%> of the farmers who have planted 
in May cited factors related to custom or cropping pattern 
as their reasons for planting at that time. Among the 
other responses were those of two farmers who said that 
they planted in May because soybean ’’prefers rain.” On 
the other hand, the most frequent reason for not planting 
in May cited by farmers who have not planted soybean then 
was unavailability of seed (table 39).
Farmers who have planted soybean consider the main 
advantage of growing soybean to be family use. Farmers 
who gave single responses comprised 78$ of the respon­
dents, and table 40 shows that 95$ of their<responses 
cited family use as the advantage of growing soybean.
In addition, 90$ of the farmers who gave multiple answers 
cited family use first. Only in succeeding responses did 
those farmers give economic returns as an advantage more 
frequently. Nevertheless, when all responses are consi­
dered together, the overwhelming majority, 80$, related 
to family use.
Nearly three quarters, 71$, of the responses related 
to family use cited the use of soybean as a coffee substi­
tute. Contrary to initial hypothesis, no farmer specifi­
cally stated that soybean could serve as a meat substitute. 
The majority of the responses related to economic returns,
TABLE 39
REASONS FOR PLANTING •





















Have planted 43 22 13 17 4 115 NS NS
Have not 
planted 
Dingras 2 26 48 12 2 13
112
NS DA-2+3, DA-1 *
+ Laoag 
Dingras 1+3 51 37 6 0 6
DA-2+3, LAB (*)
NS
all 32 45 10 1 12
aAnalysis for all responses only.
b (*) Indicates significance after partitioning of 2 x 3 X2.
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70#, were the general response "for sale." Only 10# of 
those responses cited high price.
Contrary to Initial hypothesis, few farmers who have 
planted soybean consider the lack of a market to be the 
main disadvantage of growing soybean. Only 8% of all 
responses cited economic factors as a disadvantage, and 
only 25# of those responses, or 2# of all responses, 
cited lack of a market as a disadvantage. In fact, 
slightly under one half of the farmers, 45#, stated that 
they had no problems with soybean production. The remain­
der of the farmers, all but one of whom gave single 
responses, divided their responses more or less equally 
among factors relating to plant growth, diseases, and 
pests; economic costs and returns; difficulty of work 
and availability of resources; and other production 
problems (table 40).
In the category of responses relating to plant growth, 
diseases, and pests, 75# of the responses cited insect 
pests, especially worms on the flowers or fruit. None of 
the farmers, however, cited beanfly as a soybean production 
problem. This parallels the tendency observed with mung­
bean for farmers to identify large, conspicuous insect 
pests as their major pest problems. In addition, it is 
also noteworthy that none of the farmers cited either soy­
bean rust or powdery mildew as production problems, 
although the former disease in particular is prevalent
TABLE 40 








































ability _____  ____  ____
15 19 47
0 0 0 104
14 18 44
aNo significant differences among locations or strata.




throughout tropical Asia, can cause as much as 68# 
reduction in yield, and for those reasons is a major 
focus of the soybean pathology and breeding research 
currently being carried out at AVRDC (7, 8, 9, 10, 103).
In the category of responses related to difficulty 
of work and availability of resources, 51% of the responses 
cited as a disadvantage of growing soybean that it is dif­
ficult to shell, whether by hand or by stomping on the 
shells with the feet to crack them open.
In contrast with soybean, farmer experience with bell 
pepper and common cabbage is in accordance with initial 
hypotheses. Table 41 shows that overall, 21# of all 
farmers have had experience with bell pepper, and 11% 
have had experience with common cabbage. Also as hypoth­
esized, however, farmer experience with bell pepper and 
common cabbage is not uniform throughout the population. 
Farmer experience with bell pepper is concentrated in 
Dingras barangay 1 and the two Laoag A barangays. More­
over, within these three barangays, slightly over one 
half, 52#, of the owner-tlllers and large tenant farmers 
have had experience with bell pepper, whereas only half 
as many small tenant farmers, 23#, have planted bell 
pepper. In the remaining barangays in Dingras and Laoag 
B, only 6# of the farmers have ever planted bell pepper.
Farmer experience with common cabbage is even more 
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aNC: Not calculated due to insufficient numbers in some cells.
NA: Not applicable.
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Laoag A barangay 2 having had experience with the crop, 
but only 85? of the farmers In the other six barangays 
having ever planted common cabbage. Moreover, farmers 
with common cabbage production experience In the other 
six barangays are predominantly owner-tillers and large 
tenant farmers, with 145? of the farmers In those two 
strata having.experience with common cabbage. In con­
trast, only 15? of the small tenant farmers In the other 
six barangays have planted common cabbage.
Although a fair percentage of farmers have thus 
had experience with bell pepper and common cabbage, few 
farmers plant these crops every year. Only 35? plant 
bell pepper every yearj 605? of these farmers are owner- 
tillers and large tenant farmers in Dingras barangay 1 
and Laoag A. Less than 15? plant common cabbage every 
yearj all of these farmers are in Laoag A barangay 1.
As hypothesized, Chinese cabbage is an essentially 
unknown crop in the two municipalities. Only 25? of all 
farmers have ever planted the crop. Moreover, all of 
•these farmers were in Laoag A barangay 2, in which as 
we have seen nearly three fourths of the farmers have had 
experience with common cabbage. None of the farmers who 
have planted Chinese cabbage, however, plant it every 
year. In addition, although a few farm households in 
each barangay said that they consume Chinese cabbage, 
those households comprise only a small fraction, 8J?, of
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all farm households. Most farmers apparently do not even 
know of Chinese cabbage, since, the majority, 63%, said 
they had never seen or had the opportunity to taste it, 
and an additional 9# said that they were not accustomed 
to it.
Planting times for bell pepper and common cabbage 
are similar to tomato. Figure l2! shows that nearly all 
farmers have planted in October and November, at the end 
of the rainy season. November is the month in which the 
greatest proportion of farmers has planted bell pepper.
In Laoag A barangay 2, kk% of the farmers have planted in 
November. In the remaining barangays, there was a highly 
significant difference among strata, with 16# of the owner- 
tillers and large tenant farmers having planted in November 
but only 1# of the small tenant farmers having planted 
then. Three fifths of the farmers who always plant every 
year in the same month also plant in November (one also 
always plants every year in June); the remainder plant in 
October.
Over half, 52#, of the farmers in Laoag A barangay 2 
have planted cabbage in October, and the less than 1# of 
the farmers who plant cabbage every year plant in this 
month. In addition, 40# of the farmers in this barangay 
•have planted in November, and 28# have planted in December. 
There were no significant differences among strata in the 
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in either October or November. Although the percentages 
of farmers in other barangays who have planted cabbage 
are much lower, October was also the month most favored 
by those farmers as well.
Figure 15 shows that farm household consumption of 
both bell pepper and cabbage also basically follows cli­
matic patterns. Consumption of both vegetables is highest 
in February, at the end of the cool season when they are 
most plentiful and 69 and 71# respectively of all farm 
households consume bell pepper and cabbage, and lowest in 
the middle of the rainy season, when they are least avail­
able. The range of variation between minimum and maximum 
consumption is greater, however, for cabbage, with only 
31# of all farm households consuming cabbage in its lowest 
month, August, but 40# consuming bell pepper in its lowest 
month, July. In addition, both vegetables are used in 
meat dishes and Chinese-style noodles (panslt) associated 
with special occasions. Thus, consumption of both is also 
high in the holiday season of December.
Nevertheless, the fact that approximately 30 to 40# 
of all farm households still consume these vegetables 
during the rainy season when there is little, or in the 
case of cabbage, no local production and they must conse­
quently be bought on the market suggests that they are 
more than ’’treat” foods for many farm households and that 
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as sida in the diet. Thus, we must reject the initial 
hypotheses that cabbage consumption is limited to the cool 
season and that there is little consumption of bell pepper.
The reasons given by farmers for planting bell pepper 
and common cabbage at the end of the rainy season predom­
inantly relate to custom, cropping pattern, and favorable 
environment. Only 7% of the farmers who have planted bell 
pepper in November cited considerations of costs and 
returns as their reasons for planting at that time. Simi­
larly, only 6# of the farmers in Laoag A barangay 2 who 
have planted cabbage in October cited such considerations 
as their reasons for planting at that time (table 42).
On the other hand, however, farmers do consider 
economic returns to be an important overall advantage in 
growing both bell pepper and cabbage. Approximately half 
of the farmers who have planted these crops gave single 
responses, 51% for bell pepper and 44# overall for cab­
bage. Table 43 shows that, for both crops, half of those 
responses cited family use, with the majority of the 
balance citing economic return. Among the farmers who 
gave multiple responses (for cabbage, 80# of these were 
from the barangay with greatest cabbage production experi­
ence), there appeared to be a tendency for more farmers to 
cite economic returns in first responses for cabbage, 71/S, 
than for bell pepper, 43/S. With application of Yates’ 
correction for continuity, however, this difference is
TABLE U2 
REASONS FOR PLANTING 
BELL PEPPER AND CABBAGE 

































aAnalysis for all responses only.
NA: Not applicable.


































































aNo significant differences among locations or strata.
u
Comparisons among locations and strata for each crop 
not calculated due to insufficient numbers in some cells.
cMultiple response index:
bell pepper = 143 (No significant differences among
locations or strata).
cabbage: DA + LA-1 + LB = 130 (No significant
LA-2 = 182 differences among
strata in either 
location).
172
not statistically significant at the 555 level. Moreover, 
when all responses are considered together, farmer evalu­
ation of the two crops is remarkably similar, with family 
use and economic returns being given nearly equal weight.
As with soybean, the majority of the responses 
related to economic returns, 67 and 7055 for bell pepper 
and cabbage respectively, were the general response, "for 
sale." Higher percentages of the responses for bell pepper 
and cabbage, 17 and 2055 respectively, however, did cite 
high price or "money" as advantages than was the case with 
soybean.
In their evaluation of the problems of bell pepper 
and cabbage production, over half of the farmers who have 
planted bell pepper and cabbage gave single responses,
57% for bell pepper and 6855 for cabbage. The difference 
between strata in the proportions of farmers giving multi­
ple responses for bell pepper is statistically significant 
but does not indicate a real difference in the composition 
of farmers giving multiple responses for the two crops. 
Because more owner-tillers and large tenant farmers than 
small tenant farmers have planted both bell pepper and 
cabbage, the majority of farmers giving multiple responses 
for both crops are from the former strata, 6055 for bell 
pepper and 5555 for cabbage.
Table 44 shows that farmer evaluation of the problems 
of bell pepper and cabbage production contrasts sharply
TABLE 44
DISADVANTAGES OF GROWING





































































cL P(*) indicates significance after partitioning of 2 x 3 X .
bNo significant differences among locations or strata.
Comparisons among locations and strata for each crop not 
calculated due to insufficient numbers in some cells.
j
Multiple response index:
bell pepper: t = 211 (No significant
T + ot + OT = 150 differences among
locations).
cabbage = 136 (No significant differences among
locations or strata.
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with that of soybean. For both bell pepper and cabbage, 
economic costs and returns were the most frequently-cited 
single response. On the other hand, however, there was a 
significant difference in multiple responses for the two 
crops. The overwhelming majority of multiple responses 
for cabbage related to economic costs and returns, diffi­
culty of work, and resource availability. In contrast, 
multiple responses for bell pepper were more or less 
equally divided between factors relating to plant growth, 
diseases, and pests on the one hand, and factors related 
to economic costs and returns and inputs on the other hand. 
As a result, when all responses are considered together, 
there is a significant difference between bell pepper and 
cabbage in the proportions of responses citing factors 
related to economics and inputs as production problems.
Among the problems related to economic costs and 
returns, the cost of pesticide was the most frequently- 
cited response for both crops. In addition, however, 
approximately one fifth of all the responses for bell 
pepper cited lack of markets or low price as a problem, 
as the following percentages show:
Response___________  Bell pepper Cabbage
No market 4 0
Low price 17 0
Cost of seed 33 33
Cost of pesticide 42 67
Cost of fertilizer______  4_____   0
Category total 100 100
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The responses related to marketing and price were 
concentrated in, but not limited to, the barangay in 
Dingras with greater pepper production experience. This 
barangay planted considerable bell pepper several years 
ago based on a contract with a processor in Manila. At 
sale time, however, the company did not honor the con­
tract, and the farmers who had brought the pepper to 
Manila had to sell it on the fresh market at a loss to all 
the farmers in the barangay who were involved in the coop­
erative production scheme.
Responses related to plant growth, diseases, and 
pests also differed between bell pepper and cabbage. The 
responses for pepper covered a range of production prob­
lems, including lodging, flower drop, crinkling (a symptom 
of virus infection), and rot, in addition to worms and 
other insect pests. On the other hand, all of the respon­
ses for cabbage involved pests, primarily worms, as the 
following percentages illustrate:
Response________ • Bell pepper Cabbage
lodging 5 0




pests in general 19 22
flying insects 14 11
worms   29 67
Category total 100 100
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Taken in their entirety, the data provide only limited 
support for the initial hypothesis that a small market is 
the major problem which farmers have with bell pepper pro­
duction. On the other hand, however, although upon initial 
inspection the data in table appear not to support the 
Initial hypothesis that insects are the major problem which 
farmers have with cabbage production, closer examination 
of the content of farmers1 responses does offer evidence 
that insects are the main cause of the problems related 
to costs and returns which the farmers identify as a major 
disadvantage of cabbage production.
The reasons given by farmers for not planting bell 
pepper or cabbage in May provide further insight into 
what farmers consider to be the disadvantages of these 
crops. Those reasons differed among the barangays and 
strata with greater and lesser experience, as shown in 
table 45. At one end of the spectrum, in Dingras 
barangays 2 and 3 where, as we have seen, very few 
farmers have had experience with bell pepper, the major­
ity of the responses of farmers cited lack of seed or 
planting material as their reason for not having planted 
bell pepper. In contrast, at the other end of the spec­
trum, in the Laoag A barangays where a substantial por­
tion of the farmers have had experience with bell pepper, 
the reasons given by farmers included a considerable per­
centage of factors related to specific production problems,
TABLE 45
REASONS FOR NOT PLANTING
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aAnalysis for all responses only.
b o(*) indicates significance after partitioning of 2 x 3 X .
All differences among strata non-significant for all crop-
location combinations except Dingras + Laoag A-l + Laoag B
cabbage.
cMultiple response index (MRI) = 114.
dMRI =113.
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especially unfavorable environment and consideration of 
costs and returns. Responses in Dlngras barangay 1, like­
wise a barangay with more farmers who have planted bell 
pepper, and the Laoag B barangays, in which very few have 
planted, were intermediate in the spectrum, most likely 
reflecting the pooling of responses in these three 
barangays.
Likewise, the responses of farmers in Laoag A 
barangay 2, where majority of farmers have had experience 
with cabbage, predominantly cited factors related to 
unfavorable environment as their reasons for not planting 
in May. In contrast, the overwhelming majority of the 
responses of small tenant farmers in the remaining six 
barangays, almost all of whom have never planted cabbage, 
cited factors related either to custom, cropping pattern, 
or lack of seed. The responses of the owner-tlllers and 
large tenant farmers in those six barangays were signifi­
cantly different from the small tenant farmers but none­
theless overall were more similar to the responses of the 
latter than to the responses of the farmers in Laoag A 
barangay 2. This is consistent with the fact that, while 
proportionally more owner-tillers and large tenant farmers 
have had experience with common cabbage than have small 
tenant farmers in the other six barangays, the percentages 
with experience in both sets of strata in those barangays 
are still very low compared with Laoag A barangay 2.
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Most noteworthy among the reasons given by farmers 
for not planting cabbage in May were those related to 
the difficulty of work and the availability of resources. 
All the farmers who gave these reasons were farmers in 
the six barangays with lesser experience with cabbage.
The reason given by farmer Mariano de la Rosa for not 
having planted cabbage exemplifies in particularly expres­
sive form the responses of a number of farmers in this 
category. Parmer de la Rosa stated that the reason why 
he had not planted cabbage was that, "It is hard to take 
care of because you have to go to the field every day."
In one of the conversations with farmers during the 
census, one farmer explained the advantage of growing 
mungbean using traditional methods in terms which express 
essentially the inverse side of this reluctance to engage 
in the intensive.type of management which cabbage produc­
tion requires. This farmer said that mungbean was a good 
crop to grow because, "All you have to do is throw out 
CbroadcastJ the seed, and you’re finished with it."
As we have already shown, the traditional planting 
sequence and production method for mungbean enables the 
farmer to maintain a stock of an important supplementary 
food or sida, mungbean, over much of the year without con­
flicting with production of the staple crop, rice. Tradi­
tional methods, in other words, have enabled farmers using 
a minimum input of both labor and purchased inputs to meet
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subsistence needs more or less adequately as they have 
been culturally defined (regardless of whether or not 
they have been able to meet nutritional needs adequately 
as defined by the minimum daily requirements for necessary 
calories, vitamins, and minerals).
The key element here is not that cabbage production 
requires intensive labor. Farmers in the Philippines are 
no strangers to intensive, hard work, as anyone who has 
observed the intensity of work required to prepare and 
transplant rice which the farmers put out every year in 
June and July (for the main rice crop) or October and 
November (for the second rice crop)-. In fact, farmers 
may even rise with the moon at two in the morning every 
day for a week in order to plow the field before the heat 
of the day.
What distinguishes the type of intensive management 
required for both vegetable production as well as modern 
rice production from the occasional intensity of work in 
traditional rice production is instead that it is a 
sustained intensity of conscious, precise attention to the 
crop. Goodell, working in Central Luzon, has documented 
how this type of sustained intensity is baffling to many 
of the farmers she has observed. Particularly relevant 
to our discussion is her observation that even for rice 
production, visiting the field each week after transplant­
ing is a radical departure from the farmers’ experience.
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Likewise also significant is her observation that farmers 
have traditionally enjoyed a 23-week leeway during which 
they could choose when to put out the intensive burst of 
effort of rice planting, whereas the new production tech­
nology requires monthly and even weekly scheduling of 
transplanting, fertilizer application, and irrigation (46).
Why then is this type of sustained production 
intensity even necessary? The answer comes again from 
the farmers themselves. As one farmer noted, eggs which 
were plentiful in childhood are now too expensive to buy. 
What farmers like this are expressing is the realization 
in their own terms of the pressures that a rapidly increas­
ing population are placing on the ability of their land, 
labor, and resources to feed themselves and their families. 
The problem is that these pressures are coming all too 
fast.
Until the closing of the land frontier in the 
Philippines in 1960’s, farmers were basically able to 
accomodate increased population simply by bringing new 
land into use and applying traditional methods to it (121). 
It would appear reasonable to assume that prior to the 
1 9 6 0 ’s , in spite of some government efforts to promote 
improved technology, most farmers did not perceive much 
need to change their production methods.
Within the last two decades, however, the population 
of the Philippines has increased dramatically. Between
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I960 and 1975* national population has increased 55$, 
expanding from 27 to 42 million in only 15 years. More­
over, it is not only the national rate of increase which 
has been accelerating during this 15-year time period.
It is true that in comparison with the national rate, 
the rate of increase in Ilocos Norte has been somewhat 
lower, 30$, with population in the province rising from 
287,000 to 372,000. The difference between the national 
rate of increase and the rate of increase in Ilocos Norte 
mainly reflects the greater degree of out-migration from 
Ilocos Norte to other parts of the Philippines (primarily 
Mindanao) and to Hawaii, the continental United States, 
and Canada. The greater degree of out-migration from 
Ilocos Norte is in turn a result of the fact that Ilocos 
Norte has for centuries had a higher population density 
than the Philippines as a whole. Nevertheless, the 30$ 
increase in population in Ilocos Norte during the 15-year 
period from I960 to 1975 essentially equals the rate of 
increase during the prior 42_ years, 31$, when population 
in the province increased from 219,000 in 1918 to 287,000 
in I960. Moreover, the absolute increment in this most 
recent 15-year period, 85,000, is actually greater than 
the increment during the previous 42-year period, 68,000 
(92, 121).
Today, therefore, farmers in Ilocos Norte are faced 
not only with a population expanding much more rapidly
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than It has in the past, but also with fewer opportunities 
for out-migration within the Philippines. Moreover, migra­
tion overseas is an alternative most open to the more 
educated segment of the population, and while farmers 
do sometimes succeed in getting a daughter trained as a 
teacher, nurse, or medical technician, or son into the 
United States armed services, this outlet will continue 
to be a narrow one for the rural population. Thus, the 
only way in which farmers can now supply an expanding 
population with food adequate even to meet traditional 
needs is through application of new technology.
The reluctance of farmers to engage in cabbage 
production, however, points out two major difficulties 
of new technology. Not only does new technology require 
a new type of sustained intensity of management that, 
as we have seen, farmers are not accustomed to, but it 
also requires more inputs from outside the traditional 
farming system. As farmer Honorio Garcia pointed out in 
his reason for not planting cabbage, "We don’t have Ca3 
complete Crange of] pesticides like the government." It 
is precisely the high cost of those inputs that farmers 
cannot obtain within their traditional system, pesticide 
and commercial fertilizer, which the farmers identify as 
their greatest production problems.
In light of these observations, it is not surprising 
that farmers' responses to the questions on their attitudes
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towards planting times and crops with which they have had 
less experience suggest that they are most receptive to 
seed of new varieties, but that changes in production 
practices may present greater difficulty. New technology 
is already "packaged" in seed through breeding. The farmer 
need only plant the new seed, and even without changing his 
production practices, he can often still obtain an improve­
ment in yield. In contrast, changes in production prac­
tices require a more all-embracing, consciously-calculated 
departure from previous experience.
Receptivity to new seed can be seen in the farmers’ 
responses for the month of May to the question which asked 
if they would be willing to try planting during the months 
in which they have not yet planted if new varieties and 
production methods suited for the rainy season were made 
available. The high percentage of positive responses (80 
to 92%, depending on crop) is in itself of less signifi­
cance. Although the original hypotheses postulated that 
farmers would express greater interest in tomato and cab­
bage rainy season production because of higher prices for 
those crops in the off season months, the absence of 
marked differences among crops in percentages of positive 
responses can probably be attributed to the confounding 
of genuine interest and courtesy bias (a reluctance owing 
to politeness and self-esteem to say to the interviewer, 
"No, I would not like to try planting in May"). What is
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more meaningful is instead the content of the farmers’ 
reasons for saying, "Yes." Table 45b shows that while 
approximately 1055 of the farmers gave no specific reason 
for their expressed willingness to try planting in May (we 
may assume that most of these responses reflect courtesy 
bias), approximately one third said that their reason 
would be to try out new seed. This apparent receptivity 
to new seed in turn most likely owes itself to the experi­
ence that farmers have already developed in trying out and 
accepting seed of new rice varieties.
On the other hand, farmers had considerable difficulty 
even understanding the questions that involved considera­
tion of hypothetical production alternatives different 
from previous, concrete experience. For example, in 
response to the first question in the survey, "Is it pos­
sible to plant tomato in September?" farmers often 
answered, "Yes, I have planted in October," or, "No, I 
haven’t planted in October." Similarly, in the next 
question, when asked, "What is the best month from May 
to October for planting mungbean?" farmers would some­
times first answer, "February." Even when told, "Let 
us separate out the months of May, June, July, August, 
September, and October. If we only talk about these 
months, what is the best month for planting?" some farmers 
would still answer "February."
TABLE 45b
WILLINGNESS TO TRY PLANTING IN MAY

















Tomato 34 12 34 8 13 90
Mungbean 39 8 28 12 13 88
Sweet potato 33 7 38 11 11 92
Soybean 29 10 35 16 10 80
Bell pepper 33 14 29 13 11 85
Common cabbage 33 18 30 8 11 83





all in range of 107 - 110 •
^Percentage of all farmers.
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Evidence of the same type of unfamiliarity with the 
consideration of hypothetical alternatives also appeared 
in the information access section of the survey discussed 
earlier in this chapter. The wording of question 6 in 
that section of the survey, a hypothetical question, had 
to be changed and put in very concrete terms in order to 
be understandable to farmers. Compare the original word­
ing:
"What would be the best way for the government 
to make new varieties and production techniques 
for vegetables and rice known to you?"
with the revised wording:
"On the one hand are the universities and 
experiment stations. They are the ones who 
discover new varieties and production tech­
nologies for vegetables and rice. On the 
other hand are you who grow vegetables and 
plant rice. The discoveries of the universi­
ties and experiment stations can only benefit 
you if they reach you. What should the govern­
ment do so that the new varieties and produc­
tion techniques reach you?"
Thus, in order to evaluate the receptivity of farmers 
to change, it is necessary to look at the actual concrete 
production experience over time of selected farmers.
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Cropping Patterns, Land Use, Management Practices, 
and Labor Availability of Farmers In Laoag A______
Based on the results of the Information access and 
attltudinal surveys, we can Identify the owner-tillers 
and large tenant farmers in the Laoag A barangays as the 
group which we could expect would have the greatest poten­
tial receptivity towards increased vegetable production.
In addition, the results of the census have indicated that 
owner-tillers are a numerically much smaller fraction of 
the population than the large tenant farmers. In this 
section, we will therefore examine the cropping patterns 
and labor availability of sub-sample large tenant farmers 
in Laoag A and compare them with sub-sample small tenant 
farmers from that area. Where relevant to the discussion 
of Laoag A farmers, we will also present selected summary 
data from the other areas surveyed as well.
Parmer Eusebio Lorenzo is one of the four sub-sample 
large tenant farmers in the Laoag A barangays. Parmer 
Lorenzo farms 1.90 ha of land, none of which he owns.
This land consists of nine non-contiguous parcels, ranging 
in size from 0.05 ha up to 0.^0 ha , with median as well 
as modal parcel area equal to 0.20 ha. All nine parcels 
are within 10 minutes* walking distance from farmer 
Lorenzo's house.
Table 46 shows that this fragmentation of farmer 
Lorenzo's land is typical of all the farmers in the
TABLE 46
MEAN NUMBER OF PARCELS, PARCEL SIZE, 
AND TOTAL LAND AREA 
OF SUB-SAMPLE FARMERS













Dingras 6 4 *1 5 0.10 0.01 0.10 0.45 0.02 0.46Laoag A 4 7 <1 8 0.08 0.04 0.08 0.59 0.02 0.61Laoag B 5 8 <1 8 0.05 0.01 0.05 0.40 0.01 0.41all 15 6 <1 7 0.07 0.03 0.07 0.47 0.02 0.48
Large tenants
Dingras 6 18 4 22 0.10 0.05 0.09 1.82 0.23 2.05Laoag A 4 10 2 12 0.21 0.11 0.19 2.08 0.25 2.32
Laoag B 2 9 0 9 0.28 0.00 0.28 2.52 0.00 2.52all 12 14 3 17 0.15 0.07 0.13 2.02 0.20 2.22
Small owner- 3 1 6 7 0.03 0.05 0.06 0.08 0.32 0.39tillers (all)a 
Large owner- 2 1 11 12 0.20 0.20 0.20 0.10 2.18 2.28
tillers (all)
aMean number of owned parcels includes two parcels in which the farmer owned two thirds
of the parcel and had tenant rights on the remaining one third. In computing the
areas/parcel of tenanted and owned land, owned and tenanted portions of a parcel were 
counted separately. In computing the area/parcel of all parcels, however, such part-
owned, part-tenanted parcels were counted only once.
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sub-sample. In fact, except for one atypical farmer in 
Laoag B with three large parcels totaling 1.33 ha , the 
land of all other large tenant farmers Is fragmented into 
at least eight small parcels. Moreover, in the most 
extreme case, one large tenant farmer in Dingras farms 
1.73 ha of land that consists of a total of 42 separate 
parcels, the largest of which is only 0.23 ha in size.
In addition, even the land of small tenant farmers is 
similarly fragmented Into small parcels, fewer in number 
but also generally smaller in size than those of the large 
tenant farmers. All small tenant farmers farm at least 
two parcels, and two farm land broken into as many as 13 
individual parcels. Likewise, the land of both small and 
large owner-tillers also exhibits similar fragmentation. 
Although one of the three small owner-tillers farms only 
one parcel, at the opposite extreme another small owner- 
tiller farms land broken into 16 small parcels. The two 
large owner-tillers farm land consisting of 11 and 12 
parcels each.
Parmer Lorenzo follows two basic cropping patterns: 
double cropping of rice and rice followed by other crops. 
Every year at the start of the rainy season, he plants 
all or nearly all of his land in rice, usually in June 
or July but occasionally as late as August. Following 
harvest of the first rice, usually in October, he then 
plants a second crop of rice on approximately half of his
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land and other crops on the remaining half. Table 47 
shows the kinds and acreages of crops which farmer 
Lorenzo has planted during the four cropping years from 
1976-77 through 1979-80.
Examination of farmer Lorenzo's cropping pattern 
during the four-year period in question provides concrete 
examples of the trends towards greater experimentation 
with planting dates and crops and greater economic orien­
tation observed in the attitudinal responses of large 
tenant farmers and owner-tillers discussed earlier. In 
1976 and 1977, farmer Lorenzo experimented with cabbage 
for two years. Especially significant is the fact that 
in the second year he did not plant rice on 0.02 ha of 
one parcel in order to plant the cabbage at an earlier 
date, in September, because of higher prices then. Now, 
however, he is planting watermelon instead of cabbage, and 
in 1979 took 0.05 ha out of rice production in order to 
plant part of the watermelon early, because he believes 
that it can be more easily marketed than cabbage.
Increasing interest in watermelon production is also 
apparent in the case of another large tenant farmer who 
is from the other Laoag A sample barangay. This is farmer 
Basilio Mercado, who farms 1.52 ha of land consisting of 
12 non-contlguous parcels. Parmer Mercado owns 0.58 ha 
of the land which he farms and is a tenant on the remaining 
0.94 ha. The size of his parcels ranges from 0.04 ha up
TABLE 47
1976-1980 LAND USE AND CROPPING PATTERN 
OP PARMER EUSEBIO LORENZO,





time area (ha ) crop time area (ha )
early June 0.20 cabbage early Oct. 0.20
mid June 0.35 garlic mid Nov. 0.34late June 1.35 rice (C4) mid Nov. 1.14
mungbean early Feb. 0.30
late Feb.a 0.20
corn early Feb. 0.10
early June 0.18 cabbage early Sept. 0.02
late June 1.70 garlic mid Nov. 0.34
rice (IR1561) mid Nov. 1.14
mungbean early Feb. 0.30
late Feb.a 0.20
corn early Feb. 0.10
early June 1.10 bell pepper early Oct. 0.20
late June 0.80 early Dec. 0.10
garlic mid Nov. 0.23
rice (IR1561) mid Nov. 1.14
. corn early Dec. 0.10
tomato early Jan. 0.13
early June 0.90 watermelon mid Oct. 0.05
early August 0.95 mid Feb.b 0.03
• rice (IR1561) mid Nov. 0.52
(IR30) mid Dec. 0.67
garlic mid Nov. 0.11
bell pepper mid Dec. 0.10
cotton mid Dec. 0.10
corn mid Jan. 0.20






aThird planting following garlic. 
^Intercropped with garlic for first month. 
cThird planting following watermelon.
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to 0.50 ha. Like farmer Lorenzo, all 12 of farmer 
Mercado’s parcels are also within 10 minutes’ walking 
distance of his house.
Parmer Mercado follows the same basic cropping 
patterns as farmer Lorenzo. Every year in June he plants 
all of his land in rice. Then, following harvest of the 
main rice crop in October, he also plants a second rice 
crop on part of his land and devotes most of the remainder 
to a host of other crops. In particular, during the past 
four years, farmer Mercado has steadily increased the area 
of land and number of parcels which he plants in water­
melon, because it ’’produces more money.” At the same 
time, he has gradually decreased not only the area devoted 
to other crops, but more significantly, in the last two 
years also the area planted to second rice. In fact, in 
the 1979-80 cropping year, for the first time he split 
his large 0.50 ha owned parcel. In the previous three 
years, he had planted that parcel entirely in second rice, 
but in 1979 he planted rice on only one half of the parcel 
and used the other half for watermelon. The following 
data show the above changes in farmer Mercado’s cropping 
pattern:
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Crop Area (ha )W 6 - "  " 197?- 1978- 1979-
1977 1978 1979 1980
Watermelon 0.04 0.17 0.37 0.65(1 par­ (Ik par­ (43s par­ (7k par­
cel) cels) cels ) cels)
Eggplant 0.02 0.02 0.02 —
Bell pepper — 0.04 — —
Edible jute 0.02 0.02 0.02 —
(saluyot)
Garlic 0.29 0.42 0.33 0.42Yam bean 0.25 — _
(singkamas) . UCowpea 0.10 0.06 — 0.0 4
Mungbean — 0.04a 0.04a 0.25°
Peanut — — 0.13 0.13
Second rice 0.72 0.72 0.58 0.33(4 par­ (4 par­ (2 par­ (Ik par­
cels) cels) cels ) cels)
Fallow 0.08 0.08 0.08 -
aThird planting in February following garlic.
bThird planting in February following watermelon.
cThlrd plantings in February following watermelon , peanut,
and garlic.
Parmer Mercado’s shift to watermelon production 
because of its income-producing potential takes on addi­
tional significance in light of the high level of purchased 
Inputs which he uses in its production. Parmer Mercado 
sidedresses the watermelon with 16-20-0 and urea at one 
month and applies not only insecticide (Thiodan or Sevin) 
but also fungicide (Manzate) three times in the field.
Both of the other two Laoag A large tenant farmers who 
planted watermelon also sidedressed and applied insecti­
cide, although neither applied fungicide. While rigorous 
comparisons cannot be made between watermelon or bell
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pepper and other crops because so few plant the former 
two, the data In table 48 suggest that watermelon and to 
a lesser degree bell pepper lie at the high-input end of 
the spectrum of farmer use of purchased inputs. At the 
high-input end of that spectrum is rice, for which nearly 
all farmers sidedress with commercial fertilizer and apply 
insecticide on at least a portion of their crop, and for 
which approximately one eighth use herbicide. In contrast, 
at the other end of the spectrum, no farmer uses purchased 
inputs on sweet potato. Intermediate between these 
extremes are eggplant, tomato, and mungbean.
The above data provide an indication of how farmers 
in the more receptive strata might gradually integrate 
new, high input vegetable production into their existing 
cropping pattern. It is important here to note two points 
regarding identification of farmers more likely to be 
receptive to change. The first point is that not all 
Laoag A sub-sample farmers in the large tenant farmer and 
owner-tiller strata exhibited as much variation in time 
or variety of crops as did the two farmers whose cropping 
pattern we have examined in detail. Nevertheless, the 
second point to note is that even the other two large ten­
ant farmers also showed more variation than did any of the 
sub-sample small tenant farmers. One of those two large 
tenant farmers also planted watermelon, and the other was 
trying out cotton for the first time. Only the one
TABLE 48 
SUB-SAMPLE FARMER USE OF 
FERTILIZER AND AGRICULTURAL CHEMICALS 
(Percentage of Sub-sample Farmers 
Who Planted In 1979)


















Riceb 31 13 42 90 84 6 13
Watermelon0 3 0 33 100 100 33 0
Bell pepperd 3 0 0 67 67 0 0
Eggplant 17 6 18 47 59 6f 0
Tomatoe 11 0 18 36 55 9f 0
Mungbean 23 0 17 9 65 0 0




aFarmers in both groups of strata and all three areas (Dingras, 
Laoag A, and Laoag B) planted in 1979 except where otherwise 
noted below.
bOne small tenant farmer in Laoag B did not plant rice in 1979.
cLarge tenant farmers from Laoag A.
dTwo large tenant farmers from Laoag A and one small tenant 
farmer from Laoag B.
eLarge tenant farmers from all three areas; small tenant 
farmers from Laoag A and B.
fSeedbed only.
^Farmers from Dingras and Laoag B.
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sub-sample small owner-tiller had not varied his cropping 
pattern during the four-year period in question.
In contrast to the sub-sample large tenant farmers, 
none of the four sub-sample small tenant farmers in Laoag 
A showed any significant variation in cropping patterns 
over the four-year period in question. Moreover, none had 
planted one of the high cash value but also high input 
vegetable crops of cabbage, bell pepper, or watermelon.
All four followed the basic pattern of rice planted in 
June or July and harvested in October, followed by a 
second crop of rice planted on a portion of their land 
and other crops, Including eggplant, tomato, pumpkin, 
garlic, peanut, mungbean, yam bean, corn, cassava, sugar 
cane, and balangeg (a sweet potato relative, Ipomoea 
reptans, grown for tips only), planted on the remainder 
of their land.
The above examples have shown that large tenant 
farmers may reduce considerably the area planted in second 
rice and may even take a small amount of land out of main 
rice crop production, in order to plant a high cash value 
vegetable crop. Nevertheless, because of the importance 
of rice as the "staff of life" in the diet, it is more 
realistic to consider the present wet season cropping pat­
tern as being essentially fixed. Let us take the example 
of farmer Lorenzo and assume that he would be willing 
initially to take 0.02 ha of land out of main crop rice
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production in order to plant a vegetable crop in the rainy 
season (as we have seen he has done once before for cab­
bage). The question which then arises is, when is there 
. sufficient labor available for him to plant and harvest a 
rainy season vegetable crop?
Figure 16 shows that in 1979 the working members of 
farmer Lorenzo’s family (two males and two females) were 
willing to work the same number of hours per half-month 
segment throughout the year except in two periods: April
and early May (the hottest, driest time of the year), and 
late August and September (after all. planting of the main 
rice crop is completed). In addition to family labor for 
farm work, farmer Lorenzo also used a portion of his 
family working time to care for animals (two draft buf­
falo, four pigs raised for sale, and 40 chickens), haul 
rice (usually twice a month), and cut wood (in September). 
Farmer Lorenzo further supplemented his family labor with 
hired labor for rice planting and harvesting. As a 
result, his labor budget shows considerably reduced or 
negative surplus labor (the difference between available 
labor and labor use) in early June, early August, and the 
period from late October through November (note, however, 
that farmer Lorenzo’s responses in Table 47 indicate that 
in the three years prior to 1979, the early August reduc­
tion in surplus labor would have come in late June).
Labor budgets were also constructed for three of the 























LABOR AVAILABILITY AND USE BY 
A LARGE TENANT FARMER AMD THREE SMALL TENANT FARMERS
IN LAOAG A
6 0 0 -
3 0 0 -
Available fam ily  labor
Family labor use 
Hired labor use
600
4 0 0 -
100-
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to obtain complete labor use data from the fourth farmer). 
Five males and four females constituted the working mem­
bers of the three families. In addition to using labor 
for farm work on their total of 1.81 ha of land, these 
three farmers used a portion of their labor to manage 
their animals (each owned one draft animal and a pig being 
raised for sale; two owned a horse; and one had two goats). 
All three farmers also cut their own wood; two hired them­
selves out to harvest rice; and one operated a horse- 
drawn carriage taxi (kalesa). One farmer further supple­
mented his family labor with hired labor for planting, 
weeding, and harvesting of rice and for harvesting of 
peanut.
Figure 16 shows that in the aggregate, the working 
members of these farmers* families were most willing to 
work during the months of June, July, and October.
Figure 16 also shows that the months in which their farm 
and non-farm activities required the most labor were 
March, April, June, October, and November. As a result, 
their aggregate labor budget shows considerably reduced 
surplus labor (the difference between the upper and lower 
lines) in those months, and especially in June and October.
It is apparent from a comparison of the upper and 
lower portions of figure 16 that times of peak labor use 
coincide for both farmer Lorenzo and the three small 
tenant farmers. On the other hand, the months of May and
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September are times of reduced labor use for all of these 
farmers. Thus, these observations suggest that planting 
vegetables in May just before the start of the rainy 
season for harvest in September at the end of the rainy 
season would not conflict with the labor requirements for 
main rice crop production. Furthermore, this could pro­
vide a new use for the surplus labor that is not fully 
utilized at those times of both the small tenants and 
the landless laborers who make up 6% of the population 
of the Laoag A barangays.
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Overall Conclusions from the Observation of 
Farmer Systems________________________________
The overall Impression which observation of current 
production systems gives is that farmers are much less 
integrated into the economy as producers than originally 
hypothesized. This was somewhat surprising in light of 
the strong desire of even people in the rural Philippines 
to possess economic goods. The strength of that desire 
is something that soon becomes apparent to anyone who 
lives in one of the rural areas of the Philippines, even 
in an area such as Ilocos Norte distant from the center 
of commerce and consumption of material goods in Manila.
As we have seen, the majority of all farmers have a 
functioning radio, and even farmers who do not have a 
functioning radio are often next door to another farmer 
whose radio they can easily hear through the airy, open 
houses of the rural Philippines. Both advertisements on 
the radio and the stories in the ubiquitous komiks maga­
zines so popular especially among the youth incessantly 
extol the goal of the. "good life" of conspicuous material 
consumption: stylish clothes, big houses, all manner of
consumer goods, leisure entertainment, private automobiles, 
and even jet travel.
Nevertheless, both in the attitudes farmers express 
and in the variability they show in cropping patterns, we 
have seen that current farmer production is primarily
207
subsistence in orientation. Moreover, those farmers whose 
attitudes and cropping patterns do show greater economic 
orientation are primarily the farmers who are already 
better-off: owner-tillers and especially large tenant
farmers in the Laoag A barangays. In addition, even for 
tomato, bell pepper, and cabbage, the crops for which 
those farmers exhibited greater economic orientation, only 
occasionally was price sensitivity by month observed, as 
with farmer Fernando Agbayani whom we saw planted tomato 
in September to take advantage of higher prices, or 
farmer Eusebio Lorenzo whom we observed tried planting 
cabbage early for the same reason. Similarly, only a 
few farmers specifically stated a need for rainy season 
varieties so that they could take advantage of high prices 
before the cool season begins.
The fact that greater economic orientation in 
production is most apparent among the relatively better 
off large tenant farmers does not necessarily imply, how­
ever, that focusing initial efforts on large tenant farm­
ers would be inconsistent with the overall objective of 
the betterment of the livelihood of rural people in the 
target region. First, the census has indicated that in 
contrast to original hypotheses HI and H2, large tenant 
farmers make up a substantial fraction of the rural popu­
lation of the target region. Second, in accordance with 
original hypothesis H4, large tenant farmers do appear to
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have had more experience with and be more willing to take 
the risk of experimenting with vegetable production. 
(Because, in contrast to original hypothesis H2, the pro­
portion of owner-tillers in the population was much fewer 
than anticipated, it was not possible to evaluate separate­
ly the attitudes of small and large owner-tillers. The 
evidence from the attitudinal survey does, however, suggest 
that tenancy status is a positive factor as postulated in 
hypotheses H*l and H5, since in nearly all cases the X2 
tests indicated that when small and large owner-tillers 
were considered as a group, they were more like the large 
tenant farmers than like the small tenant farmers.) Third, 
integration of rainy season vegetable production by larger 
farmers into the existing cropping pattern could utilize 
labor of small tenant farmers (as well as landless labor­
ers) at a time when such labor is not fully utilized, thus 
providing an additional source of employment in the 
community.
Finally, adoption of new varieties and, more import­
antly, of intensive production techniques by large farmers 
who are more able and willing to take greater risks may 
serve as a valuable demonstration in the village for other 
farmers with fewer resources and less confidence. To 
what extent this would be true for rainy season vegetable 
production is a question which could only be answered 
definitively through longer-term, direct observation of
the effects of interaction among farmers on production 
decisions. Nevertheless, the contrasting reactions of 
two farmers in one of the Laoag B barangays suggest that 
such demonstration and interaction could be an important 
factor in introducing rainy season production of vege­
tables other than mungbean. Parmer Pedro Ponacier, a 
large tenant farmer 57 years of age, said that he was 
willing to try bell pepper and cabbage production in May 
"so that there will be an example for my fellow farmers 
to follow." On the other hand, farmer Danilo Madamba, 
a 22-year old small owner-tiller in the same barangay 
(who was not interviewed on the same day as farmer 
Ponacier) said that he would be willing to try "if the 
crop of those who have been farming the longest is good."
These observations of current production systems 
thus suggest that over time it might be possible to create 
a new "Lunes ni Kodas," a planting time which has a con­
scious goal of earning higher income to satisfy the desire 
to consume economic goods through production in the rainy 
season. In order to determine which vegetable crops might 
be best suited for introducing rainy season production 
oriented primarily towards Income generation, it is there­
fore necessary next to evaluate the results of the field 
experiments and examine the economic benefit which promis­
ing crops and production techniques might provide farmers.
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CHAPTER 6
REVIEW OP LITERATURE AND PREVIOUS WORK
Previous development of techniques for rainy season 
vegetable production has come from two sources: indige­
nous farmer practices, and research done at the Asian 
Vegetable Research and Development Center and by the 
Cropping Systems Program of the International Rice Research 
Institute. First, the importance of indigenous farmer 
practices as a source of new techniques that can be further 
refined through research for dissemination to a wider range 
of potential users should not be underestimated. An excel­
lent example of the importance of this principle of learn­
ing first from farmers is afforded by the case of rice, 
one of the first crops to become the focus of intensive 
international effort aimed at increasing yields, food 
supply, and income-producing potential of crops grown by 
farmers in the developing world. Goodell has listed 38 
examples of indigneous practices of Asian and African rice 
farmers which IRRI researchers have retrieved, modified, 
and used as part of the IRRI complex of technologies dis­
seminated together with MV seed (*15). Moreover, some of 
these technologies have represented major innovations in 
areas outside of their original place of drigin, including
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cultural practices such as Intercropping, multiple crop­
ping, and straight planting.
In this respect, the role of IRRI research In retriev­
ing and adapting specific farmer practices for wider use 
parallels the process by which the experiment station 
system In Japan began the development of modern agricul­
tural technology based on r5n5 (veteran farmer) practices 
In the late nineteenth and early twentieth centuries 
(49, 123).
The most outstanding example of an Indigenous farmer 
practice with potential for increasing rainy season vege­
table production is the specialized high bed planting 
system which farmers in the Yung Ching area of West Central 
Taiwan have developed. Farmers in this area have taken 
advantage of the especially heavy soil there to develop a 
system of beds and furrows that differ by as much as 
60 cm in height. These beds are designed to control water 
supply to leek, which is the initial crop in their planting 
sequence. In some cases, between beds of leek farmers will 
also plant rice in the furrows. Farmers maintain these 
beds for up to five years, and after the first several 
years of leek they then plant other crops on the beds, 
especially cole crops and trellis crops. Farmers also 
frequently combine cole, trellis, and other crops on one 
bed. In such cases, farmers join trellises originating 
from the sides of two beds over the furrow between the beds 
and plant crops such as beans or tomato that will grow over
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the furrow on the trellises. Between the trellis poles 
they then plant other crops such as pepper or a cole 
crop, particularly cauliflower. The center of the bed 
often also has a small ditch for drainage from the top 
surface (fig. 17) (31, 109).
Little research has been done, however, to investigate 
the potential for modifying this system for shorter-term 
.use in different cropping systems in other locations.
A major focus of research at AVRDC has been the 
development of new cultivars of selected vegetables and 
management practices for those vegetables suited for pro­
duction in the hot, humid tropics. AVRDC researchers 
have screened over 4,750 tomato germplasm entries for 
heat tolerance (118). AVRDC has defined heat tolerance 
as the ability of the plant to set fruit when night tem­
peratures are higher than 22° C (8, 13). Although some 
researchers have reported that high day temperature limits 
tomato fruit set (such as with tomatoes grown under plas­
tic where day temperatures may reach 45° but night temper­
atures are low) (110, 53), high day temperatures are gen­
erally considered less critical than high night tempera­
tures, because of the effect of the latter on the balance 
between photosynthesis and respiration (15, 99).
Overall, high temperature can affect tomato yield in 
several ways. At three weeks after cotyledon expansion, 
when flowers first become macroscopically visible, high
FIGURE 17
SPECIALIZED HIGH BED PLANTING SYSTEM 
USED IN THE YUNG CHING AREA 
OF WEST CENTRAL TAIWAN
Tomato Green pepper Cauliflower <Qo





temperatures can reduce the number of flowers per plant 
as carbohydrates needed for flower formation are depleted 
by increased respiration (65)• High night temperatures, 
regardless of day temperature, have a marked effect on 
root system size, because translocation of carbohydrates 
is affected by high night temperatures and the roots are 
farthest away from the leaves which produce carbohydrates 
C120). This may in turn indirectly affect flowering if the 
uptake of essential nutrients is limited as a result of a 
smaller root system.
After flowers appear, high temperature can reduce 
fruit set prior to anthesis by causing degeneration of 
pollen tetrads or retarding the growth of the anthers, 
again as a result of reduced carbohydrate supply (16, 99). 
High temperature can also result in stylar protrusion 
beyond the antheridial cone, or reduce anther length more 
than it reduces stylar length, thereby making natural 
pollination difficult or even impossible ( 1, 94, 99).
After anthesis and pollination, high temperature can 
reduce fruit set by retarding or preventing pollen germi­
nation, pollen tube growth, and embryo development ( l,
10, 61, 65). Finally, after fruit set, high temperature 
can reduce fruit size by decreasing the number of seeds 
per fruit (7).
In spite of considerable progress by AVRDC researchers, 
however, achievement of a high degree of stable heat
216
tolerance In combination with other desirable character­
istics in tomato has not yet been fully realized. The 
genes controlling heat tolerance have low hertitability, 
ranging from 5 to 19%, Thus, environmental differences 
can greatly affect the degree of observed phenotypic heat 
tolerance at a given location in a given year. In addi­
tion, most of the few entries with some degree of heat 
tolerance have small to medium-sized fruit (13, 118).
AVRDC researchers have screened over 2,000 tomato 
entries for resistance to bacterial wilt (Pseudomonas 
solanacearum). Bacterial wilt is especially serious under 
the conditions of high soil temperature (32.5-39°C) and 
poor soil drainage that prevail in the rainy season in 
tropical Asia. Although at least 27 entries with a 
moderate to high degree of resistance to the disease have 
been identified at AVRDC, this resistance is not always 
stable due to the presence of numerous strains of the 
pathogenic organism and because some resistance breaks 
down under soil temperatures greater than 32°C. In addi­
tion, the linkage between bacterial wilt resistance and 
small fruit size has not been broken CIO,. 71, .119, 124).
AVRDC researchers have also identified germplasm 
sources of moisture tolerance in tomato ( 5 , 7  )• Moisture 
tolerance includes both the ability of the plant to sur­
vive excessive soil moisture and its ability to escape 
physical damage due to heavy rainfall (12). Germplasm
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with tolerance to excessive soli moisture has a higher 
rate of root respiration, produces greater numbers of 
roots, and has more flowers per plant. On the other 
hand, such germplasm does not necessarily have lower 
rates of fruit abscission (and hence, higher rates of 
fruit set) or larger fruit size, but after flooding it 
does nevertheless yield better than germplasm with less 
tolerance to excessive moisture (10). This suggests that 
the primary benefit of tolerance to excessive moisture 
may be in the pre-flowering and flowering stages prior 
to fruit set and development.
In addition to selecting for the above major 
characteristics necessary for tomato production under 
hot, humid conditions, AVRDC researchers have identified 
germplasm sources of other desirable traits, including 
resistance to gray leaf spot (Stemphylium solanl), leaf 
mold (Cladosporlum fulvum), tobacco mosaic virus (TMV), 
and root-knot nematode (Meloidogyne incognita) ( 8, 9, 10)•
Using the improved materials developed by AVRDC 
breeders, AVRDC crop management researchers have investi­
gated several promising cultural practices for rainy season 
tomato production. The application of 20 t/ha of compost 
under the bed resulted in wilting in only l\% of the plants 
after five consecutive days of heavy rainfall totalling 
393 mm , in comparison with 51% in the control treatment. 
Yield was also more than double that of the control. On 
the other hand, increasing the amount of compost to 40 t/ha
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resulted In more wilting and lower yield relative to 
20 t/ha (although the percentage of wilting was still 
lower and the yield still greater than in the control 
treatment). Root size and growth were visibly improved 
with the use of compost, suggesting that the use of 
compost resulted in improved soil aeration (13).
Comparison of soil preparation using buffalo with
that done by power tiller indicated that buffalo plowing
preserved soil structure better ( 8).
AVRDC crop management researchers also showed that 
rice straw mulch significantly increased the yield of 
tomato planted at the start of or during the wet season 
when compared with either no mulch, clear plastic mulch,
or black plastic mulch. Rice straw mulch protected soil
structure and reduced soil temperatures 3°C. In addition, 
it usually controlled over 50% of the weeds. Since weeds 
ultimately grow through the mulch, however, considerable 
hand weeding was still necessary. The use of pre-emergence 
herbicide in conjunction with rice straw mulching, followed 
by post-emergence application of contact herbicide between 
the rows, reduced the need for hand weeding to only one or 
two weedings (12, 13).
Subsequent work also showed that rice straw mulching 
was superior to black paper mulching ( 5).
Comparison of rice straw mulching with the use of 
several staking and trellising systems resulted in com­
parable yields among all practices for AVRDC determinate-
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type tomatoes In four out of five experiments In 1976.
These results suggested that rice straw mulching could 
be substituted for staking or trellising in order to reduce 
production costs when growing AVRDC determinate-type 
tomatoes in the wet season ( 8).
Experiments conducted at the end of the rainy 
season in 1977 and during the rainy season in 1978, both 
designed to examine simultaneously the effects of culti- 
var, excess water, compost, and soil type on tomato yield, 
confirmed the above trends while at the same time indicat­
ing problems where additional research was needed. Those 
experiments showed that an AVRDC determinate-type cultivar, 
CLlld, was superior to a local Taiwan cultivar, White Skin, 
at both planting times and on both sand and loam soil.
They also showed that the use of 20 t/ha of compost 
resulted in highly significant increases in yield of 
both cultivars on both soil types (there was also a 
significant interaction between cultivar and compost use 
on sand) (55, 56).
On the other hand, however, the mean yield of 3.2 
t/ha in the 1978 experiment planted on sand at the start 
of the rainy season was very much less than the mean yield 
of 26 t/ha obtained from the portions of the 1978 experi­
ment planted on sand at the end of the rainy season. Pre­
cipitation in the 1978 planting was 3*7 times that of pre­
cipitation in the 1977 planting. Moreover, nearly all of
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the precipitation in the 1977 planting occurred during the 
first month after transplanting, whereas the precipitation 
in the 1978 planting occurred both during the first month 
and later during the harvest period. In addition, both 
night and day temperatures dropped considerably after 
planting in 1977, providing favorable conditions of night 
temperatures less than 22° C four times during the first 
month after transplanting (September), in 19 out of 31 
days during the second month (October), and every night 
thereafter (November). In contrast, in the 1978 planting, 
there were seven days with night temperatures less than 
22a C during the first month after transplanting (May) but 
none thereafter (June and July) (14, 55, 56).
Furthermore, there were indications that leaching 
losses were greater under conditions of excessive moisture. 
As the following percentages calculated from data in the 
reports on the above AVRDC crop management experiments 
show, the addition of compost resulted in greater yield 
increases of tomato planted on sand in 1978 than in 1977.
In both years, 200 mm of furrow Irrigation water was 
added in two applications to half of the plots, but as we 
have seen, there was greater natural precipitation in 1978. 
In 1977, the addition of compost to the planting on sand 
also had a much greater effect on yield than its addition 
on loam. Moreover, the effect of compost was greater in 
1977 on the plots given excessive water, regardless of soil
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type, than on those not given excessive water (55, 56).
Year Soil Percentage of increase in yield
type due to use of compost____________
natural excessive mean
precipita- water
  ____  tion only added ____
1977 loam 30 35 32
sand 71 82 79
1978 sand NA NA 91
NA: Data not available.
Since sand has better aeration and drainage than 
loam, the much greater effect of compost on sand represents 
compensation for both the lower initial fertility of sand 
and the greater losses of nutrients by leaching in sand.
The greater effect of compost on both loam and sand as 
total water increases (sand or loam in 1977 with versus 
without excessive water and sand in 1977 versus 1978) 
suggests that such compensation is a benefit of compost 
regardless of soil type in the rainy season. Thus,
Hubbell et_ al reached the following conclusion from the 
above experiments: "There is a need to identify appro­
priate and economical methods of correcting low fertility 
due to leaching in the wet season or due to choice of 
soil" (56).
In addition to the beneficial effect on yield of 
compost, it is also important to recall here the results 
of the survey reported earlier which indicate that the 
cost of commercial fertilizer is a major problem of farmers
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in the target region. Thus, there is also a need to 
determine if compost or other similar organic matter 
source could be used as a partial substitute for a portion 
of the commercial fertilizer requirement in the rainy 
season in order to reduce production costs while at the 
same time maintaining if not increasing yields relative 
to yields from production using only commercial fertilizer.
Of the three macronutrients, nitrogen is most subject 
to leaching loss, especially under conditions of high rain­
fall (18). Many tropical soils have a high content of free 
aluminum and iron oxides, and their buffering capacity is 
low. Thus, in cultivated soils, cationic potassium ion is 
also subject to considerable leaching loss (21, 35). On 
the other hand, however, leaching of phosphorus is minimal 
except on very sandy soils (76).
Since nitrogen is most subject to leaching loss, it 
is logical that research designed to identify appropriate 
and economical methods of reducing leaching losses through 
the use of organic matter should therefore focus on mini­
mizing the leaching losses of nitrogen. For this purpose, 
it is necessary to examine the transformations which nitro­
gen undergoes in the soil and evaluate then how organic 
matter might contribute to the nitrogen fertilization of 
tomato and other vegetable crops during the rainy season.
Nitrogen is found in the soil in both organic and 
inorganic forms. Approximately 90 to 95# of the total 
nitrogen in surface soil consists of nitrogen contained
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in organic compounds ( 4). Only 5 to 1055 of surface soil 
nitrogen is thus in inorganic forms, primarily as ammonium 
(NHj|+ ) and nitrate (N0g“ ) ions.
Acid hydrolysis of the soil yields two fractions, an 
acid-insoluble fraction containing humic nitrogen and an 
acid-soluble fraction containing nitrogen incorporated in 
amino acids, amino sugars, and purine and pyrimidine 
derivatives. Bremmer gives the following percentages for 
these different fractions:
The amino acids and amino sugars appear to be in the form 
of mucopeptides and teichoic acids. Both compounds are 
polymers which are important constituents of bacterial 
cell walls (22).
Mineral nitrogen and the above organic nitrogen 
fractions exist in a state of dynamic equilibrium mediated 
by microbial activity in the soil. When nitrogen is added 
to the soil, it is subject to initial Immobilization by 
microorganisms whose activity is governed by the supply of 
oxidizable organic compounds available to them (97). The 
relative proportions of oxidizable organic compounds and 
nitrogen are commonly expressed in the form of the C/N 
ratio. As long as there is an excess supply of oxidizable
Amino acids 
Amino sugars








organic compounds (wide C/N ratio), soil microorganisms 
can utilize both inorganic and organic nitrogen in bio­
synthetic processes. As a result, there is an initial 
rapid increase in the soil microorganism population.
Allison showed that this increase as measured by CO2 
evolution reached a peak in approximately 20 days follow­
ing the application of wheat straw and nitrate nitrogen
( ft).
As the supply of oxidizable compounds is depleted 
(thus narrowing the C/N ratio), however, microorganisms 
must utilize more nitrogen-containing organic compounds 
which resulted from earlier microbial biosynthesis as 
energy sources. As competition for energy-containing 
compounds increases, total microorganism population ' 
declines, and in the process of breaking down nitrogen- 
containing organic compounds, there is a net release of 
mineral nitrogen, or mineralization of nitrogen ( 4).
Although it is not possible to directly measure rates 
of immobilization and mineralization in a soil, through the 
use of isotopically tagged nitrogen it is possible to de- • 
termine the percentage of added nitrogen in the different 
inorganic and organic fractions of the soil. Kirkham and 
Bartholomew presented a system of notation to express the 
changes in the masses of available atoms which are trans-- 
formed to unavailable form and of unavailable atoms which 
are transformed to available form in the span of time
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between two measurements of the masses of both forms of 
tagged and total nitrogen. Using this notation, they then 
developed equations which have made it possible to calcu­
late indirectly rates of immobilization and mineralization 
(63).
Stewart et al related the processes of initial 
immobilization and subsequent mineralization to changes 
in the relative proportions of the different fractions of 
organic nitrogen in the soil. Their work showed that the 
initial immobilization of inorganic nitrogen added together 
with straw was closely related to increases in the propor­
tion of tagged nitrogen appearing in the soluble amino acid 
fraction of the soil at 10 days after application. Subse­
quent remineralization of nitrogen as ammonium and nitrate 
ions was associated with decreases in both total and tagged 
nitrogen in the soluble amino acid fraction at 30, 75, and 
135 days. Tagged nitrogen in the soluble amino acid frac­
tion also decreased after 30 days. On the other hand, only 
a small proportion of the tagged nitrogen was incorporated 
into humic substances during the course of their experi­
ments (107).
In a subsequent experiment using straw and tagged 
potassium nitrate nitrogen conducted over a 300-day period, 
Stewart e£ al again confirmed the Initial immobilization 
of tagged nitrogen in the amino acid fraction and showed 
that most of the nitrogen taken up by plants was nitrogen
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that had been initially immobilized in the amino acid 
fraction. On the other hand, however, plant uptake 
accounted for only about one third of the tagged nitrate, 
and approximately one half remained in organic fractions 
In the soil at the end of the experiment CIO8).
In an experiment also using straw and tagged potassium 
nitrate, Broadbent and Nakashima similarly showed that 
nearly all of the tagged nitrogen was initially immobilized 
at 10 days and that subsequent mineralization was most 
rapid during the first 100 days. After 300 days, minerali­
zation continued at a constant, linear rate (25). In a 
later fexperlment conducted over a five-year period,
Broadbent and Nakashima estimated the long-term nitrogen 
mineralization rate at approximately 6 to 7% (26). In 
addition, also consistent with the above findings, Broadbent 
showed that most of the tagged nitrogen recovered by a crop 
of Sudan grass was taken up during the first 60 to 70 days 
(23).
Broadbent and Nakashima interpreted their findings as 
evidence that a process of non-biological long-term immobi­
lization may be involved. According to their interpreta­
tion, after nitrogen that has been initially immobilized 
by microbial action is subsequently remineralized to ammo­
nia, the ammonia is then combined with other compounds in 
a non-biological reaction. This reaction proceeds at a 
rate independent of the energy status (or C/N ratio) of
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the soil and results in the formation of nitrogen- 
containing compounds much more resistant to microbial 
decomposition. This in turn accounts for the observed 
low rate of long-term nitrogen mineralization (25).
We can adapt and Integrate the above findings and 
concepts of Allison, Kirkham and Bartholomew, Stewart et al, 
Broadbent, and Nakashima into the following unified model 
which depicts the nitrogen transformations which we could 
expect to occur in a 'field in which a vegetable crop is 
planted following application of a combination of commer­
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10 * Temporary microbial decomposition of organic matter N. 
i^ * Temporary microbial decomposition of soil mineral N.
m^ * Mineralization of N through microbial breakdown of 
products of previous microbial biosynthesis.
i2 * Long-term immobilization of soil mineral N through
non-microbial chemical reactions that are independent 
of soil energy status.
mg *= Mineralization of N through microbial decomposition 
of humus.
dto .̂ ** Microbial evolution of COg through respiration of 
carbon-containing compounds in organic matter (d0), 
products of previous microbial biosynthesis (d-,), 
or humus (d2).
^■tot = *0 + *1 + i2*
mtot s ml + m2*
mnet a mtot “ *tot*
The findings discussed and depicted above have 
several important implications for the use of organic 
matter with vegetable crops. First, they suggest that 
there is a definite, limited time period beginning at 20 
to 30 days after application of organic matter and extend­
ing from 60 to a maximum of 100 days during which organic
matter has value as a source of nitrogen, through the
breakdown of microbial nitrogen-containing compounds. At 
some point relatively early during this period (probably 
at about 30 to M5 days), m^ will reach a peak and the fol­
lowing conditions will prevail:
Second, however, by the end of the above period, 
rapid mineralization of the products of the initial 
spurt of microbial biosynthesis induced by the application 
of organic matter will have come to an end and the follow­
ing conditions will prevail:
i0 * 0 .
ml = *2
m2 = 11 
1 + m2
By this time, organic matter no longer has much value as 
a source of nitrogen. On the other hand, however, the 
additional humus which resulted from the application of 
organic matter does continue to have value for improvement . 
of soil physical structure and aeration.
In conclusion, the evidence does not s.ypport the wide­
spread perception that organic matter serves as a long-term
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source of slow-release nitrogen (2*1). On the other hand, 
however, the above considerations do suggest that organic 
matter could serve a short-term source of delayed-release 
nitrogen. In practical terms, this means that for rainy 
season vegetable production, organic matter might be 
applied immediately prior to the rainy season to serve 
as a source of nitrogen with greatest availability 30 to 
*15 days later. That in turn would coincide with the 
period of most rapid growth of the crop. At that time, 
the nitrogen which had come from organic matter (or from 
a combination of organic matter and commercial fertilizer) 
would be remineralized at a relatively rapid rate but 
nevertheless still over a period of weeks. It would 
therefore be less subject to leaching losses than would 
be inorganic nitrogen applied without organic matter 
either at planting, as a sidedressing, or both.
In order to test the above hypothesis, it is necessary 
to estimate the amount of nitrogen which organic matter 
could supply to the first crop. In addition, since organic 
matter may also supply a portion of the phosphorus and 
potassium requirements of the crop, from the economic 
standpoint it is also desirable to estimate how much the 
amount supplied by commercial fertilizer could be reduced 
through the use of organic matter.
It is well-known that most sources of organic matter 
contain relatively low percentages of all three macro­
nutrient elements. Moreover, only a portion of those
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elements will become available to the first crop. Different 
investigators have given different estimates as to the per­
centages of the nitrogen, phosphorus, and potassium content 
of organic matter that becomes available to the first crop 
or in the first year following its application. Salter and 
Schollenberger presented data that indicates that the avail­
ability of nitrogen in ordinary farm manure (solid and liq­
uid) varies between 31 and 42#. They also indicated that 
nearly all of the phosphorus and potassium is readily avail­
able (100), De Geus estimated that one third to one half of 
the total amount of nutrients in manure is available to 
crops within a year after application (42)* Peterson et_ aT 
estimated that approximately 50# of the nitrogen in animal 
waste is available in the first year (77). Cooke stated 
that approximately one third of the nitrogen, one half of 
the phosphorus, and nearly all of the potassium in ordinary 
farmyard manure (partially rotted straw containing urine 
and faeces) is "quicklyn available to crops (36). Stanford 
and Pierre summarized the work of several investigators 
which showed that the availability of phosphorus from 
manure was essentially as good as the availability from 
superphosphate, even after a period as short as only 27
days (105). Garg estimated that less than 30# of the N,
60 to 70# of the 1*2^5» and 75% of the K^O becomes available 
to the first crop (44). The Indian Council of Agricultural 
Research (ICAR) Handbook of Manures and Fertilizers gave
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the following estimates for nutrient availability from 
organic matter during the first year: 30 to JJO# for N,
20 to 25# for 1*2̂ 5 * an(̂  ^0 ?°# for K2^ ^9).
Pour of the above six references to nitrogen avail­
ability gave values at or near 33#, so that value is 
accepted as a reasonable composite value for nitrogen.
For phosphorus and potassium, there is a broader range 
of values: 20# to essentially all for phosphorus, and
50# to essentially all for potassium. For those two 
elements, intermediate values will be used for the com­
posite availabilities of those elements to the first 
crop: 50# for phosphorus and 75# for potassium.
AVRDC researchers have also made considerable 
progress in identifying and developing improved mungbean 
cultivars and management practices. Prior to the initia­
tion of the AVRDC program, little work had been done on 
this crop. As of 1979, AVRDC researchers had amassed 
nearly 5,000 accessions for use in screening for yield 
and other desirable characters (5). A major problem in 
Increasing mungbean yield is that mungbean growth and 
leaf area index increase (the latter which is correlated 
with higher yield) are very slow during first 35 days 
after emergence until flowering ( 7, 8 , 6 6 ). On the
other hand, AVRDC research has shown that mungbean 
planted under hot conditions grows at higher rates and ' 
yields more than mungbean planted under cooler conditions
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in the fall or spring. In addition, AVRDC research has 
also determined that flowering is the time when mungbean 
is most susceptible to drought stress and that several 
of the better accessions do not suffer large yield 
decreases under flooded conditions (although in general 
mungbean growth and yield is affected by rainfall and 
drainage conditions) ( 9 , 10).
AVRDC researchers have also made significant advances 
in identifying sources of resistance to major diseases of 
mungbean. In particular, AVRDC researchers have identified 
a single gene for resistance to Cercospora leaf spot 
(Cercospora canescens) ( 5). This is especially signifi­
cant because Cercospora leaf spot is most serious during 
the rainy season, and severe epiphytotics in the Philippines 
can kill up to 75$ of the leaves and reduce yield by as 
much as %7% (67> 8l). In addition, AVRDC researchers have 
also succeeded in breaking the linkage of small seed size 
and photoperiodic sensisity with resistance to powdery 
mildew (Erysiphe polygoni) (10). As we noted earlier, 
powdery mildew is a major disease of mungbean in the cool 
season and also the disease of which farmers in the sample 
barangays are most aware.
Similar progress has also been recorded at AVRDC in 
identifying sources of resistance to major insect pests 
of mungbean. Most noteworthy is the identification of 
resistance to beanfly (Ophlomyia spp. and Melanagromyza 
sojae). Although no immune accessions were found in an
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Initial screening, repeated selection of the least affected 
entries resulted in identification of three accessions 
which exhibited relative resistance at multiple locations 
(10). Given, as we have already noted, that farmers in 
the Philippines generally do not recognize that beanflies 
can be a major cause of yield reduction if not controlled 
in the first three weeks after emergence, the incorporation 
of relative resistance to beanfly into new cultivars has 
promise of providing significant benefit to farmers.
Also significant for rainy season mungbean production 
are the results of AVRDC monitoring of insect populations. 
Those results have indicated that populations of all major 
insect pests, Including not only beanfly but also green 
stink bugs (Nezara viridula), scarabid green beetles 
(Anomala cupripes), limabean podborers (Etiella zinckenella), 
and corn earworms (Heliothis armigera) decline to their 
lowest levels during the rainy season (10). One cause of 
the decrease in beanfly population during the rainy season 
appeared to be an increase in the percentage of parasitized 
beanfly pupae to over 60% at that time of the year ( 32).
AVRDC research also indicated that protection against 
Cercospora leaf spot was more important in increasing rainy 
season yield than was insect control (9 ).
On the other hand, while confirming the general trend 
of reduced insect damage during the rainy season, research 
in the Philippines indicated that for optimum yield in the
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rainy season at least two sprayings are still needed (84).
As we noted in the discussion of the survey results, 
farmers in the target region generally plant mungbean by 
broadcasting seed under conditions of minimum tillage.
AVRDC research has shown, however, that mungbean planted 
in tilled soil had higher yields than mungbean dibbled or 
broadcast in untilled soil ( 8 ). In addition, the use of 
rice straw mulch with mungbean planted in untilled soil 
was not effective in controlling beanfly.
Fertilization studies at AVRDC showed a significant 
yield improvement from the application of compost in April, 
prior to the rainy season. On the other hand, compost had 
no effect on the yield of mungbean planted in September at 
the end of the rainy season. Moderate levels of nitrogen 
(30 kg/ha ) resulted in improved yields at both times ( 9 ). 
The results are consistent with the hypothesis that the use 
of compost has benefit in the rainy season.
IRRI researchers have also made Important contributions 
in the identification of superior management practices for 
mungbean. The work of Litsinger et al̂  demonstrated the 
importance of beanfly control during the first week for 
maximum mungbean yield. Their research also showed that 
farmers in Pangasinan, Central Luzon, attempted to compen­
sate for insect damage to seedlings through the use of 
higher seeding rates, but that the use of insecticide would 
be a less costly way to reduce such seedling loss (70).
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Herrara et̂  al showed that insect control was essential 
for maximizing mungbean yield and that weed control had a 
significant effect on mungbean yield only when combined 
with insect control (51). Although their work was done in 
the cool, dry season when insect populations are highest, 
their results do suggest that there is a positive inter­
action among different management practices.
Moody studied the effect on mungbean yield of various 
weed control measures. He presented data which showed that 
weed control was essential in the rainy season for maximum 
yield, but that one weeding at two weeks after emergence 
was sufficient to obtain 91% of the yield of mungbean grown 
without any weed competition. Surprisingly, closer row 
spacing had little effect on weed growth and failed to 
mitigate mungbean yield reduction caused by weed competition. 
In contrast, closer spacing did have beneficial effects for 
soybean and cowpea. The use of mulch suppressed weed 
growth, but its effect on yield was inconsistent, resulting 
in increased yield in one experiment but not in two other 
experiments. Various herbicides, including ones tested 
with good results at AVRDC, were either phytotoxic to 
mungbean or failed to control one or more of the dominant 
weeds under Philippine conditions. Since commercially- 
available herbicides have been developed for soybean or 
other legumes besides mungbean, they appear to lack ade­
quate selectivity for use with mungbean (73).
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IRRI researchers are currently experimenting with 
modified forms of the sarj an bed system originally developed 
in Indonesia. In the sar.lan system, high beds 2.0 m or 
more in width and 60 cm or more in height alternate with 
low sections or "sinks" also 2.0 m or more in width. This 
system provides better water control to rice which is 
planted in the "sinks" while at the same time affords 
better drainage to mungbean, sweet potato, or one of 
several other crops grown on top of the raised beds. Ini­
tially, IRRI researchers prepared these beds using manual 
labor only, but they are now also investigating the eco­
nomic feasibility of using a small maneuverable tractor 
with a mechanical front-end shovel for bed preparation 
(48, 8 0 ).
Sweet potato is another crop that has benefited from 
AVRDC research. As of 1979, AVRDC had amassed over 400 
sweet potato accessions. AVRDC breeders have crossed 
moist, orange-fleshed U. S. cultlvars with Asian lines in 
an effort to combine the higher B-carotene and protein 
content of the orange-fleshed cultlvars with the drier 
texture preferred by consumers in Asia. Recognizing that 
in most tropical Asian countries sweet potato is a low- 
input crop, screening of the sweet potato germplasm col­
lection has concentrated on identifying genotypes which 
yield well under conditions of low fertility, minimum 
management, drought stress when planted after rice, and
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excess moisture when planted during the wet season. The 
results of trials in the wet season indicated that high 
yield was associated with a low vine/root ratio ( 5 , 7 ,
9, 10, 11).
Screening for resistance to sweet potato weevil 
(Cylas formicarius) has identified three accessions with 
moderate resistance at multiple locations. No correlation 
was found between yield and weevil infestation in or damage 
to the roots. Thus, the injurious effect of weevil infesta­
tion was entirely on the quality of the roots, since even 
very slightly infested roots become unpalatable due to 
terpenes ( 5, 10).
Screening work has also identified 23 accessions 
highly resistant to sweet potato stem borer (Omphisa spp.) 
and one accession apparently immune to (not infected by) 
the mycoplasma witches’ broom disease ( 5, 8 ).
Research on sweet potato fertilization has shown that 
increased nitrogen fertilization in the range of 0 to 
60 kg/ha is associated with increased root yield at the 
end of the rainy season (11). Similar results were 
obtained in 1978. In addition, ammonium sulfate was super­
ior to urea and calcium nitrate at the 80 kg/ha level of 
application (10).
Initial study of the effect of potassium fertilization 
indicated that increased levels of nitrogen fertilization 
required proportionally greater potassium fertilization for
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maximum yield, but subsequent experiments failed to show 
a yield response to potassium ( 7, 11).
In two out of three cultivar trials, there was a 
highly significant negative correlation between sweet 
potato protein content and yield. On the other hand, 
however, protein content was positively correlated with 
yield in a management study involving 15 different ferti­
lizer treatments. Increasing levels of nitrogen in the 
range between 0 and 60 kg/ha significantly increased 
protein content as well as yield ( 8, 11).
Investigation of the effects of other cultural 
practices showed that weed control was essential for 
maximum root yield and tip production in the dry season.
Hand weed control or a combination of hand weeding and 
chemical control were superior to chemical control alone. 
Banking Increased total and marketable root yield, but 
planting on beds, vine turning, and irrigation had little 
or no effect on dry season yield. On the other hand, vine 
pruning at one month during the wet season resulted in 
highly significant increases in numbers of marketable roots 
and in total root weight and a 31% reduction in the vine/ 
root ratio ( 7, 8 , 9 , 11).
Relay planting of sweet potato with corn at the start 
of the dry season resulted in a large decrease in the number 
of roots, a smaller (or for two lines, no) decrease in aver­
age weight per root, and a consequent decrease in marketable
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yield that ranged from 29 to 85% depending on the entry 
(10).
Although the results of the survey confirmed our 
original hypothesis that common cabbage has much greater 
potential than Chinese cabbage in the target region of 
this study, common cabbage is not one of the original 
six crops that AVRDC chose as the focii of their research 
effort. Part of the reason for this is because common 
cabbage cultivars adapted to lowland tropical production 
have already been developed in Japan. The hybrid cultivars 
’KK’ and ’KY’ possess excellent heading ability even under 
conditions of high temperature. The cultivar ’KK1 in par­
ticular is recommended as an all-season cultivar in the 
Philippines (93)*
In their monitoring of insect pest populations,
AVRDC researchers have included common cabbage along with 
Chinese cabbage. Their results during the three-year 
period from 1976 to 1978 have shown that insect pest popu­
lations are generally higher on common cabbage than on 
Chinese cabbage. On the other hand, however, the popula­
tions of all pests monitored, including diamondback moth 
(Plutella xylostella), imported cabbage worm (Pleris 
rapae), cabbage looper (Trichoplusia ni), striped flea 
beetle (Phyllotreta striolata), and aphids (Hyadaphis 
pseudobrassicae and Myzus persicae) declined markedly on 
common cabbage (as well as Chinese cabbage) during the 
rainy season ( 8 , 1 0 ).
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AVRDC crop management research also showed that for 
Chinese cabbage rice straw mulching placed perpendicularly 
on beds was beneficial in reducing the growth of annual 
grasses (but not of broadleaf grasses), minimizing soil 
erosion during heavy rains, and reducing the incidence of 
bacterial soft r ot.(Erwinia carotovora) and downy mildew 
(Peronospora parasitica). Rice straw mulch was superior 
to no mulch and to clear, white, or black plastic mulch, 
although not to combinations of rice straw and clear or 
black plastic ( 6 a 7 ).
During the warm, dry season prior to the start of the 
rainy season, the use of compost or rice hulls resulted in 
increased incidence of soft rot. The use of rice straw 
mulch was effective in reducing yield loss due to compost 
use, but rice straw mulch without compost gave the highest 
yields of all treatments. On the other hand, in the cool, 
dry season the use of compost did result in increased yield 
( 6, 8 ).
CHAPTER 7 
EXPERIMENTAL MATERIALS AND METHODS
In choosing vegetable crops for experimental study, 
this work used a definition of horticultural crops in 
general and vegetable crops in particular that is broader 
than the definition traditionally used in the United States. 
In the United States, horticultural crops are distinguished 
from agronomic crops on the basis of perishability and 
intensity of cultivation. In contrast with agronomic 
crops that are often utilized in a dry, mature state, 
horticultural crops are more often utilized in an immature 
state high in water content. Horticultural crops are also 
characterized by more intensive labor use and by greater 
inputs of technology and capital per unit area of land 
(62).
In the Asian setting, however, the above distinctions 
present problems. For example, mungbean is a grain legume 
utilized in the dry state, but AVRDC includes it among its 
priority vegetable crops, along with another legume used 
in both the immature and mature states, soybean. Rice is 
often planted in the United States by broadcasting the seed 
from airplanes, requiring very little labor input, but in 
much of Asia rice is typically hand transplanted one seed­
ling at a time. Tremendous amounts of hand labor are
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similarly used at harvest to cut each rice stalk at the 
base. On the other hand, in the United States, planting 
and harvesting of many vegetable crops, even perishable 
fruits such as tomato, is becoming increasingly mechanized. 
Finally, as we have seen from the survey results, in the 
target region of this study, more farmers use purchased 
inputs for rice than for vegetable crops. In farmer 
exposure to and adoption of new seed and technology, rice 
has also preceded vegetable crops.
In order to avoid the problems associated with 
traditional definitions of vegetable crops based on 
perishability or intensity of labor, capital, and tech­
nology use, this study uses a definition based on dietary 
utilization. In Northeast and Southeast Asia, rice is the 
staple food of the overwhelming majority of the population. 
The cultural.and historical differences between the peoples 
of Northeast Asia (China, Japan, Korea, and Taiwan) and the 
peoples of Southeast Asia (the Philippines, Indonesia,
#
Malaysia, Thailand, and Burma) are as great as the differ­
ences between European peoples and the Islamic peoples of 
the Southern and Eastern Mediterranean region. Neverthe­
less, although for example the Malay languages Ilocano and 
Tagalog in the Philippines have no linguistic relationship 
to either Chinese or Japanese, it is significant that all 
of these languages classify foods in the same way. In 
Japanese, the word commonly used for "meal" (
literally means "cooked rice"; in Ilocano, the word "to 
eat" (mangan) is a modified form of the word kanen, "to 
eat rice."
Contrasted with rice, the staple food, are supple­
mentary foods that are eaten together with rice. This 
concept is identical in Chinese ( \V>) $1 ), Japanese 
(colloquially, &  ; the Chinese-derived word if?!l ^
is also used in writing), Ilocano (sida, as we have noted 
ear.lier), and Tagalog (ulam). In all cases, these words 
include both vegetables and other foods eaten with rice 
such as fish, meat, and eggs, although they do not include 
desserts or other "foods of pleasure" ( ̂  in Japanese)
such as fruits, beverages, or sweets. In this study, I 
therefore define vegetable crops as "supplementary foods of 
herbaceous plant origin that are eaten together with a 
staple food." This definition is sufficiently broad to 
include all of the crops treated as vegetables at AVRDC 
and is entirely consistent with the emic food concepts of 
people in both Northeast and Southeast Asia.*
Based on prior information about the target region,
I chose one representative of each of four major types of
#1 first proposed this definition to (then) AVRDC 
Associate Director Dr. James J. Riley in 1978 when review­
ing a paper v/hich he was co-authoring. This definition 
thus first appeared (with acknowledgment) in the final 
version of that paper which Dr. Riley presented at the 
Conference on Tropical Poods: Chemistry and Nutrition,
held March 28-30, 1979, at Honolulu, Hawaii (95).
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vegetables: tomato (fruiting vegetable), common cabbage
(leafy vegetable), mungbean (leguminous vegetable), and 
sweet potato (root vegetable). I then conducted experi­
ments during the rainy season in two consecutive years: 
1978, at AVRDC, and 1979, at the BPI Experiment Station, 
Dingras, Ilocos Norte. The experiments in both years 
were designed to evaluate the effects on yield and selected 
horticultural characteristics of the above crops of a 
combination of management techniques hypothesized to be 
beneficial for rainy season production and, based on that 
evaluation, identify promising crop-management combinations 
for analysis of potential economic benefit to farmers in 
the target region.
Specifically, the experiments were designed to 
determine if the following management practices had 
positive effects on yield and economic benefit when used 
for rainy season production of the four representative 
vegetable crops:
(A) Organic matter applied in combination with 
commercial inorganic fertilizer at rates 
such that the amounts of macroelement nutri­
ents supplied by the two sources equal the 
amounts supplied by inorganic fertilizer alone, 
as a means of reducing net losses of nitrogen 
and (secondarily) potassium due to leaching.
(B) A higher level of total fertilization than 
currently recommended, as a means of com­
pensating for leaching losses.
(C) Raised beds 30 to 40 cm in height, as a means 
of obtaining improved drainage and aeration 
from beds prepared with less expenditure of 
labor and for use over a shorter period of
2H6
time than the specialized beds of the Yung 
Ching area.
(D) Rice straw mulching, as a means of reducing 
erosion and root exposure, controlling weeds, 
and preventing excessive surface drying of 
beds during intermittent dry periods in the 
rainy season.
In the 1978 experiments conducted at AVRDC, factors
(A) and (B) were combined in one fertilization experiment
each for tomato and cabbage. A 3 x 3 Latin square design
was used in both experiments. Factor (A), the percentage
of nitrogen supplied by organic matter, was placed on the 
main plots. This factor had three levels, 0, 25, and 50# 
of the nitrogen supplied by organic matter. In treatments 
receiving organic matter, one half of the nitrogen derived 
from organic matter was supplied by well-decomposed rice 
straw compost from the AVRDC farm and the other half was 
supplied by well-decomposed pig manure obtained from a 
local piggery.
Each main plot was split into three subplots for 
factor (B), total fertilization level. This factor also 
had three levels, 75 > 100, and 125# of the 1978 AVRDC 
recommendation for N, P2O5, and K20 for tomato or of the 
local Tainan experiment station recommendation for N,
P2O5, and K20 for common cabbage. For treatments receiving 
organic matter, this meant that the amount of commercial 
inorganic fertilizer needed was equal to the difference 
between the required total amount of nutrients at the
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75, 100, or 125# level and the amount of nutrients 
supplied by the organic matter. For nitrogen, this 
resulted In the following nine treatment combinations 
of nutrient sources:
Percentage Percentage supplied by
supplied inorganic fertilizer
by organic to give a total
matter fertilization level of:
75# 100% 125#






In order to calculate the amounts of organic matter 
to apply and the amounts of inorganic fertilizer needed 
to bring the total amount of nutrients up to the 75, 100, 
or 125# total fertilization level in the plots receiving 
organic matter, it was necessary to estimate the amounts 
of N, P205~equivalentj and K20-equivalent which the organic 
matter would supply. For this purpose, in the tomato 
experiment, three samples respectively (each sample in turn 
consisting of three sub-samples) were taken initially from 
the compost and the pig manure used. These samples were 
analyzed on a fresh weight basis at the soils laboratory 
of AVRDC for their composition of total N, PgO^-equivalent, 
and K20-equivalent. Since, however, those results showed 
that the pig manure had an unexpectedly high P20^-equivalent 
content, three additional samples each were taken from the 
compost and the pig manure. The latter three samples were
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then analyzed on fresh weight, air dry, and oven dry 
bases, and the fresh weight and air dry results were 
converted to an oven dry basis. Table 49 shows that 
comparison of the results for both sets of samples and 
for all three methods of analysis on the latter set con­
firms the high P20^-equivalent content of the pig manure 
used.
A comparison of the macronutrient composition on 
fresh weight and fresh weight converted to oven dry bases 
is shown below for the pig manure used in the 1978 experi­
ments and for typical pig manure of identical moisture con­





















fresh weight U . S. dry 2.50 2.33 1.11converted to 1978 experiment 2.11 3.49 0.96 -oven dry
The above figures show that the pig manure used in the 1978 
experiments had a fresh weight P^O^-equivalent content 52# 
greater than the fresh weight content of similar pig manure 
reported by Knott. On the other hand, the N and K20- 
equivalent contents were only 18 and 21# lower than the 
respective fresh weight contents of similar pig manure 
reported by Knott. The percentage differences after con­






PERCENTAGE OF N, K20, AND WATER
CONTAINED IN 1978 PIG MANURE AND RICE STRAW COMPOST 
AS DETERMINED ON FRESH WEIGHT, AIR DRY,





N P2°5 k 2° H2°
1-3 Fresh weight 1.80 3.28 0.73 9.14-6 Fresh weight 1.88 3.10 0.86 11.04-6 Fresh weight converted to oven dry base 2.11 3.49 0.96 —4-6 Air dry converted to oven dry base 1.81 4.19 0.95 —4-6 Oven dry 1.86 4.08 0.93 —1-6 Fresh weight mean 1.84 3.19 0.79 10.0
1-3 Fresh weight 0.65 0.24 0.41 75.54-6 Fresh weight 0.57 0.46 0.34 77.64-6 Fresh weight converted to oven dry base 2.58 2.08 1.54 —
4-6 Air dry converted to oven dry base 2.47 2.00 1.62 —





considerably higher Po0_-equivalent content of the 1978* o
pig manure is not known.
As the data in table ^9 show, the percentages of the 
three macronutrients contained in the two sources of 
organic matter are not uniform. Moreover, the literature 
and discussion in the previous chapter indicated that 
different proportions of each element become available to 
the first crop following the application of organic matter. 
The following procedure was therefore followed in order to 
calculate the actual amounts of pig manure, rice straw 
compost, and inorganic fertilizer needed for the plots 
receiving 25# or 50# of the recommended amount of nitrogen 
from organic matter (values prior to parentheses refer to 
calculations at the 25# organic matter nitrogen level, 
values enclosed in parentheses refer to calculations at 
the 50# organic matter nitrogen level, and values neither 
prior to nor enclosed in parentheses are common values used 
in both calculations):
(1) Determine the amount of pig manure and compost 
(t/ha ) required to supply 12.5# (25#) each of 
the recommended total amount of N (kg /ha ), 
assuming that 33# of the N content of each 
source of organic matter becomes available to 
the first crop.
(2) Determine the amount of P2°5 /ha ) and 
K20 (kg /ha ) supplied by the amounts of pig
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manure and compost calculated In step (1), 
assuming that 50$ of the P20(.-equivalent 
content and 75$ of the K20-equivalent content 
of each source of organic matter becomes avail­
able to the first crop.
(3) Subtract the amounts of P20ij and K20 determined 
in step (2) from the amounts of P20^ and K20 
required to supply 25$ (50$) of the total recom­
mended amounts of those elements. The resulting 
value is called the nutrient deficit. If the 
organic matter supplies more than the amounts
of P2°5 or K20 required to supply 25$ (50$) of 
the recommended total amounts of those elements, 
the nutrient deficit resulting from the above 
subtraction will be negative, indicating that 
an excess above the 25$ (50$) requirement is 
actually supplied by the organic matter. If 
the organic matter supplies less than the 25$ 
(50$) requirement, the nutrient deficit will be 
positive, indicating that less than 25$ (50$) 
of the P20jj or is actually supplied by the 
organic matter.
(4) Add the nutrient deficits resulting from step (3) 
to the amounts of P20^ required to supply 50, 75, 
or 100$ (25, 50, or 75$) of recommended p20^.
The resulting adjusted sums are the amounts of
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applied basally in the form of 
inorganic fertilizer in order to bring the 
total P2°5 fertilization level up to 75, 100, 
or 125# of the recommended amount. If a 
resulting sum is negative, however, this 
indicates that the organic matter supplies 
an excess of P20^ and so no inorganic ferti­
lizer is needed.
(5) Allocate the nutrient deficits resulting from 
step (3) for K20 to the basal and sidedressing 
applications in proportion to the amounts of 
K20 required to supply 100$ of the recommended 
basal and sidedressing applications and add 
those allocations to the amounts of K20 required 
to supply 50, 75, or 100$ (25, 50, or 75$) of 
the recommended basal and sidedressing K20. The 
resulting adjusted sums are the amounts of K20 
to be applied basally and in sidedressings in 
the form of inorganic fertilizer in order to 
bring the total K^O fertilization level up to 
75, 100, or 125$ of recommended amounts. If a 
resulting sum is negative, this indicates that 
the organic matter supplies an excess of K20 
and so no inorganic fertilizer is needed.
Table 50 illustrates the application of the above 
procedure in deriving the actual amounts of pig manure,
TABLE 50
CALCULATION OP AMOUNTS OP ORQANIC MATTER AND INORGANIC FERTILIZER 
POR 1978 TOMATO FERTILIZATION EXPERIMENT TREATMENT 
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aThe 1978 AVRDC recommendation for tomato is given below:
Basal 3 weeks 5 weeks Total 
N (kg /ha ) 60 60 60 180
P205 (kg /ha ) 60 60
K20 (kg /ha ) 60 60 60 180
The low P20tj recommendation was based on the lack of 
response to P2O5 in previous experiments at AVRDC, 
assumed ti> be due to the high P20^ status of AVRDC 
soils. Before 1978, the previous AVRDC recommendation 
for P2Oej had been 150 kg /ha.
b25!& of the amounts in the "Total” column of note a above.
cAllocation of total nutrient deficit was made in propor­
tion to the amounts recommended for the basal and each 
sidedressing application in note a above.
^75# of the amounts in the "Total" column of note a above.
e75/6 of the amounts in the "Basal" column of note a above.
f
15% of the amounts in the "3 weeks" or "5 weeks" column 
of note a.
®33/S of the fresh weight N content of the pig manure 






^Ammonium sulfate (21% N).
^50% of the fresh weight P20(j-equivalent content of the 
pig manure (3*19/0 and compost (0.35%) used. 
k (om P20cj/100) x (om x 1000).
■^Ordinary superphosphate (18% P20^).
m75# of the fresh weight K20-equivalent content of the 
pig manure (0.79/O and compost (0.38%) used. 
n (om K20/100) x (om x 1000).
°Muriate of potash (60% K20).
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compost, ammonium sulfate, ordinary superphosphate, and 
muriate of potash for one treatment combination in the 
1978 tomato experiments.
Table 51 shows the results of the application of the 
above procedure to all of the nine treatment combinations. 
In this table, the treatment combinations have been grouped 
by total fertilization level, in order to show the amounts 
by which the inorganic fertilizer requirements were 
reduced with increasing application of organic matter at 
each level of total fertilization.
If yields in the main plot treatments receiving 
organic matter (averaged over all three fertilization 
levels) were significantly greater than the yields in the 
main plot treatments receiving no organic matter (likewise 
averaged over the three levels), then we could conclude on 
the basis of Liebig’s Law of the Minimum that the avail­
ability of all three macronutrients was greater when sup­
plied by organic matter than when supplied by inorganic 
fertilizer, because either leaching losses were reduced 
as hypothesized, greater proportions of the nutrients 
contained in the organic matter were mineralized during 
the period of the first crop than the proportions estimated 
from the literature, or a combination of both. On the 
other hand, if the converse were true, then we could con­
clude that the proportion mineralized of at least one of 
the three macronutrients contained in the organic matter
TABLE 51
AMOUNTS OF ORGANIC MATTER APPLIED 
AND SUPPLEMENT NUTRIENTS SUPPLIED BY INORGANIC FERTILIZER 
IN 1978 TOMATO FERTILIZATION EXPERIMENT
Total fertilization level (#)a 75 100 125
Organic matter (t/ha )l) 
pig manure 
compost
Nutrients supplied by 




0 3.7 7.3 0 3.7 7.3 0 3.7 70 11.0 22.1 0 11.0 22.1 0 11.0 22
135 90 45 180 135 90 225 180 135
45 0 0 60 0 0 75 0 0
135 81 29 180 127 74 225 172 119
Notes:
aPercentage of 1978 AVRDC recommendation. 
bApplied before planting.
cOne third applied before planting, one third applied 3 weeks after planting, and one 
third applied 5 weeks after planting.
ruui
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was considerably less than the corresponding proportion 
estimated from the literature. This conclusion would also 
follow from Liebig’s Law of the Minimum, since if avail­
ability from organic matter of any one of the three macro­
nutrients were significantly lower than estimated, then 
that nutrient would become the factor limiting yield in 
the treatments in which organic matter was substituted for 
a portion of the inorganic fertilizer.
In order to correct for differences in inherent soil 
fertility levels, soil samples were taken from each subplot 
treatment prior to the experiment. Each sample consisted 
of four sub-samples arranged in the form of an ”X" super­
imposed on the subplot. One sub-sample each was taken 
approximately one quarter of the distance from each tip of 
the "X." Each sub-sample consisted of a vertical section 
of surface soil approximately 7 cm in width, 2 cm in 
thickness, and 25 cm in depth. All four sub-samples were 
air-dried, thoroughly mixed after removal of extraneous 
debris, and prepared for analysis according to the methods 
of the AVRDC soils laboratory.
In order to estimate the effects of the fertilization 
treatments upon soil fertility, soil samples were also 
taken at the end of the experiment from each subplot at 
the 100# level of fertilization. These samples were 
gathered, prepared, and analyzed following procedures 
identical to those followed for the samples taken before 
the experiment.
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The organic matter and basal inorganic fertilizer 
for the tomato fertilization experiment were applied and 
beds approximately 20-25 cm high and 1 m wide were 
prepared using buffalo according to the procedure followed 
at AVRDC. Pre-emergence herbicide (Alachlor) was applied 
at the rate of 2.0 kg active ingredient/ha and beds were 
mulched with rice straw mulch at the rate of 7*5 t/ha 
before planting followed by 3.75 t/ha. 4 weeks after plant­
ing. (The AVRDC recommendation was for 15 t/ha before 
followed by 7*5 t/ha. 4-6 weeks after planting, but with 
the light, dry straw available at the time, the higher 
rate was clearly excessive.)
Tomato seedlings of AVRDC line Clld-0-2-2-3 were 
transplanted on July 14-19, 1978, at a plant density of
25,000 plants/ha. Each subplot consisted of six 1.0 m 
wide by 6.4 m long rows. Plant spacing was 40 cm in 
the row. In order to eliminate the effects of adjacent 
fertilization treatments, the two outer rows and the first 
1.2 m were treated as guard rows. Cultural practices 
recommended by AVRDC for the rainy season were followed 
except for fertilization. Harvesting began September 26 
and was completed December 4, 1978. During this period, 
harvesting was done approximately three times every two 
weeks.
The same procedure described above and illustrated 
in table 50 for tomato was also followed in deriving the
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amounts of pig manure, ordinary superphosphate, and muriate 
of potash for the 1978 cabbage fertilization experiment.
The pig manure used in the cabbage experiment was the same 
as that used in the tomato experiment, but compost had to 
be obtained from a different location on the AVRDC experi­
mental farm. As the following data from six samples (each 
sample in turn consisting of three sub-samples) show, on 
a fresh weight basis, the second source of compost had a 
similar percentage of N but lower and K2° equivalent
composition than did the first source of compost used in 
the tomato experiment. The differences in macronutrient 
composition between the two composts were greater when 
fresh weight nutrient contents were converted to an oven 
dry base:
Basis of determination N p2°5 K2^and compost use
Table 52 shows the results of the application of the 
above procedure to the nine treatment combinations for the 
1978 cabbage experiment.
Soil samples were taken from all subplots prior to 
the experiment and from each subplot at the 100$ level of




0.61 0.35 0.38 76.5 
0.57 0.15 0.23 65.3
Fresh weight converted 






AMOUNTS OP ORGANIC MATTER APPLIED 
AND SUPPLEMENTAL NUTRIENTS SUPPLIED BY INORGANIC FERTILIZER 
IN 1978 CABBAGE FERTILIZATION EXPERIMENT
Total fertilization level {%) 75 100 125
Organic matter (t/ha )b 
pig manure 
compost
Nutrients supplied by 
inorganic fertilizer (kg/ha )
Nc
P 0 k 2 5
K2Od
0 6.1 12.2 0 6.1 . 12.2 0 6.1 12.2
0 19.8 39-7 0 19.8 39.7 0 19.8 39.7
225 150 75 300 225 150 375 300 225
60 0 0 80 0 0 100 0 0





aPercentage of the following recommendation of the Tainan Experiment Station:
Basal 15 30 45 Total
days days days
N (kg/ha.) 60 8'0 80 80 300
?2°5 (kg/ha.) 80 0 0 0 80
K20 (kg/ha.) 80 80 0 0 160
u
Applied before planting
c0ne fifth applied before planting, and one-third of remaining four fifths applied at 
15, 30, and 45 days after planting.
^One half applied at planting and one half applied at 15 days after planting.
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total fertilization at the end of the experiment following 
procedures identical to those used in the tomato fertiliza­
tion experiment.
The organic matter and basal inorganic fertilizer for 
the cabbage fertilization experiment were applied and beds 
approximately 25-30 cm high and 1.5 m wide were prepared 
using buffalo according to the procedure followed at AVRDC. 
Pre-emergence herbicide (Alachlor) was applied at the rate 
of 2.0 kg active ingredient/ha and beds were mulched 
with rice straw mulch at the rate of 3.75 t/ha before 
planting. Cabbage seedlings of the cultivar ’KK’ were 
transplanted on August 11-16, 1978, at a plant density of 
33,333 plants/ha. Each subplot consisted of four 1.5 m - 
wide by 6.4 m -long beds. Plant spacing was 40 cm in the
row, with two rows per bed. In order to eliminate the
effect of adjacent fertilization treatments, the two outer 
beds and the first 1.2 m at either end of the inner rows 
were treated as guard rows. In addition, one month after 
planting, plants that had died were replaced with new 
seedlings. All replanted plants were marked and data 
collected from them was distinguished from data collected 
from the original surviving plants. Cultural practices 
recommended by AVRDC for Chinese cabbage production In 
the rainy season were followed except for fertilization. 
Harvesting at Intervals of 7-10 days began October 16 and
was completed December 8, 1978.
2 64
In the 1978 experiments conducted at AVRDC, factors
(C) and (D) were combined into one bed management experi­
ment each for all four crops. For the sweet potato, 
mungbean, and tomato experiments, randomized complete 
block design was used, with four replications each for 
the sweet potato and mungbean experiments and three 
replications for the tomato experiment. A split-split 
plot arrangement of treatments was used for all three 
experiments. Bed width was placed on the main plots. 
There were two levels of this factor, wide (1.5 m ) and 
narrow (1.0 m ). Factor (C) above, bed height, was 
placed on the subplots. There were again two levels of 
this factor, high and low. Within each main plot, soil 
was moved from the low subplots to build higher beds in 
the high subplots. Because there was more soil to work 
with in the wide main plots, the high and low beds in 
those plots were higher than the corresponding high and 
low beds in the narrow main plots. The resulting mean 







Sweet potato wide 33 24
narrow 28 20
Mungbean wide 41 26
narrow 33 21
Tomato wide 32 20
narrow 26 17
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5.0 2.5 05.0 2.5 0
7.5 3.75 0
3.75 1.875 0
Factor (D) above, mulching, was placed on the sub­
subplots. There were three levels of this factor, thick, 
thin, and none. Mulch was applied at the following rates 
(t/ha ) for the three crops:
Crop__________________________  Thick Thin None




In the bed management experiments for all three crops, 
initial plowing was done using buffalo. Inorganic ferti­
lizer at the rates recommended by AVRDC for each crop was 
applied prior to bed formation. Subsequent bed formation 
was accomplished by physical transfer of soil. Pre­
emergence herbicide (Alachlor) was applied at the rate of
1.5 kg active ingredient/ha for mungbean and 2.0 kg 
active ingredient/ha for tomato. The above AVRDC- 
recommended rate of herbicide application did, however, 
result In a phytotoxic reaction in some of the mungbean 
plants. No pre-emergence herbicide was used for the sweet 
potato experiment.
Sweet potato cuttings of AVRDC line 35-2 (orange- 
flesh) were transplanted on June 21 and 23, 1978. Plant 
densities were approximately equal but not Identical 
between the wide and narrow beds. Two rows of plants were 
planted 35 cm apart in the rows on the 5.6 m long wide 
beds, resulting in a plant density of 38,095 plants/ha.
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Single rows of plants were planted 25 cm apart in the 
rows on the 5*5 m long narrow beds, resulting in a plant 
density of 40,000 plants/ha. Each sub-subplot consisted 
of two 5.6 m long wide beds or three 5.5 m long narrow 
beds. AVRDC cultural practices were followed during the 
course of the experiment. Harvesting was done November 2 
and 3, 1978.
Mungbean seed of AVRDC line V3976 (resistant to 
Cercospora leaf spot) was planted on July 4 and 6, 1978, 
at a plant density of 400,000 plants/ha (three rows on 
each wide bed and two rows on each narrow bed). Plant 
spacing was 5 cm in the row. Each sub-subplot consisted 
of three narrow beds or two wide beds each 6.0 m long.
The high bed plots in replication I were excluded for data 
collection purposes because of considerable phytotoxic 
damage by the pre-emergence herbicide. AVRDC cultural 
practices were followed during the course of the experiment. 
Harvesting was begun September 4 and concluded October 11, 
1978. After the second harvest which was done one week 
following the first harvest, the succeeding third and 
fourth harvests were done at two-week intervals.
Tomato plants of AVRDC line Clld-0-2-2-3 were trans­
planted July 21-25, 1978. Plant densities were approxi­
mately equal but not identical between the wide and narrow
s
beds. Single rows of plants were planted 30 cm apart on 
the 4.8 m -long wide beds, resulting in a plant density of
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22,222 plants/ha. Single rows of plants were planted 
40 cm apart on the 4 . 8 m  -long narrow beds, resulting 
in a plant density of 25,000 plants/ha. Each sub-subplot 
consisted of three narrow beds or two wide beds. AVRDC 
cultural practices were followed during the course of the 
experiment. Harvesting at intervals of approximately 
three times every two weeks was begun September 29 and 
completed December 20.
In the 1978 cabbage bed management experiment, a 
strip-split design with four replications was used. This 
design was used because half of each replication was 
planted one month later than the other half. Factor (A), 
bed height, was placed on the main plots. There were 
two levels of this factor, high (33 cm mean) and low 
(23 cm mean). Planting dates were placed on strips 
across the main plots in each replication. The two levels 
of this factor-were early (planted August 17, 1978) and 
late (planted September 19, 1978). Factor (D) above, 
mulching, was placed on sub-plots. There were three 
levels of this factor, thick (3*75 t/ha ), thin (1.875 
t/ha ), and none.
In this experiment, Initial plowing was done using 
buffalo. Inorganic fertilizer at the rate recommended by 
the Tainan experiment station was applied prior to bed 
formation. Subsequent bed formation was accomplished by 
physical transfer of soil. Pre-emergence herbicide
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(Alachlor) was applied at the rate of 2.0 kg active 
ingredient/ha.
In both early and late plantings, cabbage seedlings 
of cultivar ’KK' were transplanted at a plant density 
of 33,333 plants/ha. Each subplot consisted of one 1.5 m - 
wide by 4.8 m -long bed. Plant spacing was 40 cm in the 
row, with two rows per bed. AVRDC cultural practices 
were followed during the course of the experiment. Har­
vesting of the early planting at intervals of 7-10 days 
was begun October 16 and completed December 7. Harvesting 
of the late planting at intervals of 7-9 days was begun 
November 21 and completed December 15, 1978.
Major modifications were made in the experiments in 
1979* Factors (A), (B), (C), and (D) were all combined 
into one experiment for tomato, cabbage, and mungbean. 
Randomized complete block design with a split-split plot 
arrangement of treatments was used in all three experiments, 
with four replications for tomato and mungbean and three 
replications for cabbage.
Bed system, with two levels, was placed on the main 
plots. The first level of this factor was a high bed 
system 2.0 m wide, and the other was a low bed system
1.0 m wide, except for cabbage where the low beds were
1.5 ni wide. In order to put bed preparation on a more 
realistic basis, in place of the previous year’s method of 
physical transfer of soil from low to high beds, the
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following procedure which farmers could use in their own 
fields was developed.
For the high, wide beds, the centers of the beds-to- 
be were opened with buffalo in order to apply fertilizer 
materials (Inorganic fertilizer and/or organic matter) in 
two rows down the center. Next, furrows were opened 
between the beds. Because of an early rainy season and 
delays due to difficulty in obtaining single-element 
fertilizer for experimental purposes, a small tractor was 
used for this purpose, but under normal conditions earlier 
in the season buffalo could also be used for this work. 
After each pass of the tractor, soil was removed from the 
furrows with shovels and placed in the center of the beds. 
This process of plowing followed by shovelling of furrow 
soil was repeated two or three times in order to obtain the 
desired bed height. Beds were then finished with hoes.
For the low, narrow beds, the centers of the beds-to- 
be were similarly opened with buffalo in order to apply 
fertilizer materials in one row down the middle. The fur­
rows were then plowed once between the beds, soil was 
pulled up by hoe to complete the covering of fertilizer 
materials, and the beds were finished with hoes.
Fertilization, with five levels, was placed on sub­
plots. Each level of this factor represented a fertiliza­
tion package, as described below:
(1) Inorganic fertilizer applied at a rate based 
on the recommendations of the local Bureau of
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Soils Batao, Ilocos Norte, laboratory.
(2) Inorganic fertilizer applied at 100# of a rate 
based on 1978 AVRDC or Tainan experiment station 
recommendations after modification to take into 
account the lower soil phosphorus and higher 
soil potassium content at Dingras relative to 
AVRDC (hereinafter termed ”1979 rates”).
Table 53 shows the different recommendations 
taken into account in deriving the 1979 rate 
for each crop.
(3) A combination of well-decomposed pig manure 
applied at a rate supplying 25# of the N 
requirement of the 1979 rate for tomato and 
cabbage or 50# of the N requirement of the
1979 rate for mungbean, and inorganic fertilizer 
supplying 75# of the N requirement of the 1979 
rate for tomato, and cabbage or 50# of the N 
requirement of the 1979 rate for mungbean and
the balance of the P2°5 and K2° reQu;*-reinen'ts 
of the 1979 rate. Rice straw compost was not 
used in 1979 because none was locally available 
and there would not have been sufficient time to 
prepare compost for the experiment. Lower 
organic matter rates were used for tomato and 
cabbage because these crops have higher N 
requirements and because locally available pig 




TAKEN INTO ACCOUNT IN DERIVING 1979 1002 FERTILIZATION RATES
Crop Nutrient Source of recommendation (kg /ha )






Tomato N 90 60-96 180 180
p2°5 120 120-192 60 120 a
k 2o 0 60-96 180 120 b
Cabbage N 150 90-2M0 300 200 c
p2°5 60 30-60 80 80 d
k 2o 0 30-60 160 80 b
Mungbean N 20 NA 30 30
P2°5 M0 NA 60 60 d
K20 0 NA 100 100 e
Notes:
^ 2 ^ 5  rate raised up to Batao level to compensate for low 
P2O5 content of Dlngras tomato field. AVRDC rate for 
tomato had been lowered In 1978 from a previous rate of 
150 kg /ha.
k ^ O  rate lowered because of high K20 content of Dlngras 
soil. Earlier AVRDC recommendation for tomato had been 
120 kg /ha.
cUsed lower end of Tainan experiment station recommendation 






^ 2®5 ra't'es not raised for cabbage or mungbean because 
AVRDC rates were already higher than Batac and PCARR 
recommendations. 
eK20 rate not lowered for mungbean because it was not 
as high to begin with as it was for the other crops. 
NA = not available.
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of the recommended N for these crops, excessively 
large amounts of pig manure greater than that 
locally available would have been required.
(4) Inorganic fertilizer applied at 125# of the 
1979 rate for tomato and cabbage and 150# of 
the 1979 rate for mungbean.
(5) A combination of well-decomposed pig manure 
applied at a rate -supplying 25% of the N 
requirement of the 1979 rate for tomato and 
cabbage or 50# of the N requirement of the 
1979 rate for mungbean, and Inorganic ferti­
lizer supplying 100# of the N requirement of 
the 1979 rate and the balance of the ?205 and 
K2O requirements of the 1979 rate for each 
crop.
In order to determine the nutrient content of the pig 
manure, three samples (each consisting of three sub-samples) 
were taken from the pig manure to be used. These samples 
were analyzed on a fresh weight basis by the Bureau of Soils 
Manila laboratory for their composition of N, P2°5“ 
equivalent, and I^O-equivalent. The results of that 
analysis are shown below:
Basis of determination N p2°5 K2° **2°
  (#) (#) (#) (#)
Fresh weight 0.45 3-58 0.26 52
Fresh weight converted 0.94 7.50 0.54
to oven dry basis
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As the above data indicate, this pig manure was similar 
to the pig manure used in Taiwan in that the p2°5" 
equivalent was high. The Dingras pig manure had an even 
higher PgO^-equivalent content but lower N and KgO- 
equivalent content than the Taiwan pig manure when both 
are compared ©n an oven dry basis.
Soil samples were taken from each sub-plot prior 
to and after the experiments for each crop, according to 
the procedure followed in 1978. These samples were ana­
lyzed for P2°5 and K2° at the Bureau Soils Batac,
Ilocos Norte, laboratory, and for N at the Bureau of Soils 
Manila laboratory, following the standard operating pro­
cedures of the Bureau of Soils (87).
Mulching, with two levels (with and without), was 
placed on the sub-subplots. Each sub-subplot consisted 
of one half of a fertilization sub-plot. Times of appli­
cation for each crop were the same as in the 1978 experi­
ments .
The mungbean experiment was planted June 13-18, the 
tomato experiment June 25-27, and the cabbage experiment 
July 5-7, 1979* Tables 54-56 give the cultivar, plant 
densities, bed heights and widths, actual fertilization 
rates derived by the calculation procedure discussed ear­
lier, and mulching rates for these three experiments. In 
all three experiments, no pre-emergence herbicide was used. 
Crop protection followed AVRDC and/or PCARR recommendations,
TABLE 54
1979 MUNGBEAN CULTURAL PRACTICES















V3476 400,000 1. 35-40cm x 1. 67 0 20 40 0 0
2.0m 2. 100 0 30 60 100 0
2 . 15-20cm x 3. 50 50 15 0 74 10
1 .5m 4. 150 0 45 90 150 0
5. . 100 50 30 0 124 10
Mulch: 2.5 t/ha after germination.
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TABLE 55
1979 TOMATO CULTURAL PRACTICES















Cll-d-0- 1 . 25,000 1 . 40 cm x 1. 50 0 90 120 0 0
2-2-3 2.0 m
(Taiwan)
2 . 20 cm x
2. 100 0 180 120 120 0
1.0 m 3. 75 25
«
135 0 62 30
4. 125 0 225 150 150 0
5. 100 25 180 0 92 30
Mulch: 5»0 t/ha at planting + 2 . 5  t/ha at 4 weeks.
TABLE 56
1979 CABBAGE CULTURAL PRACTICES















KK 1. 33,000 1. 25 cm x 
2.0 m
1. 75 0 150 60 0 0
2. 100 0 200 80 80 0
2. 10-15 cm x
1.5 m 3. 75 25 150 0 20 34
4. 125 0 250 100 100 0
5. 100 25 200 0 40 34
Mulch: 5*0 t/ha at planting.
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depending on the local availability of chemicals. AVRDC 
cultural practices were followed in other regards except 
where deviations were required by the nature of the treat­
ments.
In the mungbean experiment, four rows were planted 
on each high, wide bed and two rows on each low, narrow 
bed. On both bed types, plant spacing was 5 cm in the 
row. Each sub-subplot consisted of three narrow beds or 
two wide beds each 6.5 m long. In order to eliminate 
the effect of adjacent fertilization treatments, the outer 
beds in each subplot (which consisted of two parallel 
sub-subplots) and the first 1.25 m. at either end of the 
inner 6.5 m rows were treated as guard rows. In order 
to minimize losses due to sprouting in the pod on the 
plant, harvesting was done at weekly intervals from 
August 8 to September 12, 1979 3 followed by a final har­
vest in the week of September 26, 1979*
In the tomato experiment, two rows were planted on 
each high, wide bed and one row on each low, narrow bed.
On both bed types, plant spacing was 40 cm. in the row. 
Each sub-subplot consisted of three narrow beds or two 
wide beds each 6.1 m long. In order to eliminate the 
effect of adjacent fertilization treatments, the outer 
beds in each subplot (two parallel sub-subplots) and the 
first 1.2 m. at either end of the inner 6.4 m rows were 
treated as guard rows. Harvesting was begun at weekly
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intervals from September 3, 1979. In late September, 
however, a severe late blight epiphytotic developed afte.r 
four days of continuous heavy rain. As a result, the 
experiment had to be prematurely terminated on October 10, 
1979.
In the cabbage experiment (the last to be planted), 
because continued rain and because the age of the seedlings
precluded holding them longer, bed heights on the wide beds
did not reach the desired height. On the other hand, the 
low beds in this experiment were also lower than in the 
other two experiments. Thus, this experiment compared 
semi-high, wide beds with low, narrower beds. Three rows 
of plants were planted 45 cm apart in the rows on the
6.3 m long semi-high, wide beds. Two rows of plants
were planted 40 cm apart in the rows on the 6.4 m long 
low beds. In both main plots, each sub-subplot consisted 
of two beds. In order to eliminate the effect of adjacent 
fertilization treatments, the outer beds in each subplot 
(two parallel sub-subplots) and the first 1.35 m on the 
semi-high, wide beds or the first 1.2 m on the low beds 
were treated as guard rows. Harvesting was begun September 
12 and completed October 19, 1979.
Details of the data on soil nutrient status, yield 
components, and other selected horticultural character­
istics for which measurements were taken are shown in the 
tables reporting the results of the above experiments. All
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of the data were punched on IBM computer cards for 
computer analysis. Portions of the 1978 data were 
analyzed using the 1976 Statistical Analysis System (SAS) 
package (17). The remainder of the 1978 data and all of 
the 1979 data were analyzed using the 1979 SAS package 
(101). The following computing facilities were used for 
these analyses: AVRDC and IBM, Taipei, Taiwan; the
Agricultural Resources Center of the University of the 
Philippines at Los Banos; and the Department of Statistics 
and the System Network Computing Center, Louisiana State 
University, Baton Rouge, Louisiana.
CHAPTER 8
EXPERIMENTAL RESULTS AND DISCUSSION:
EFFECTS ON YIELD AND SELECTED HORTICULTURAL CHARACTERISTICS
OF FOUR VEGETABLE CROPS
Tomato
Tomato yield is greatly affected by environment.
AVRDC line Clld-0-1-2-2-3 has a very high yield potential 
when grown under cool, dry conditions. In order to deter­
mine the yield potential of this line under favorable 
environmental conditions, I planted a small replicated 
trial on September 28, 1978, and grew this crop following 
standard AVRDC rates of fertilization and other management 
practices. Fruit set and development in this crop thus 
took place after mean night temperatures were below 22° C. 
Seven harvests at weekly intervals between December 8 and 
January 19 yielded 85*5 t/ha total, of which 93$, or 
76.9 t/ha , was marketable fruit. Average fruit size of 
the marketable fruit was 56 g.
The results of the 1978 experiments suggest, however, 
that environmental effects are much greater than the 
effects of the management practices hypothesized to be 
beneficial for tomato production in the rainy season, even 
for this AVRDC line with bacterial wilt resistance and the 
ability to set relatively more fruit under high tempera­




EFFECT OF ORGANIC MATTER SUBSTITUTIONS 









Harvest 1̂ 3 ^5 Total15^10 11—14
(%)
Market­ 0 0.12 0.35 0.78 1.95 1.18 4.39able 25 0.14 0.51 1.09 1.14 0.99 4.33yield 50 0.33 0.55 0.78 0.68 0.55 2.90
Signi­ overall + NS NS NS NS +
ficance 0, 25+50 NS NS NS NS NS NS
25, 50 NS NS NS NS NS +
CV 97 73 59 103 64 37Error ab ab ab. a a ab
Total • 0 0.47 1.69 1.38 2.78 2.18 8.50yield 25 0.58 1.65 1.80 1.74 1.88 8.2050 0.93 2.10 1.54 1.07 1.10 6.74
Signi­ overall + NS NS NS NS NS
ficance 0, 25+50 NS NS NS NS NS NS
25, 50 NS NS NS NS NS NS
CV . 55 45 49 82 50 25'Error ab ab ab a a ab
aHarvest dates: 1-3 = September 26 - October 12.
4-5 = October 17-23.
6-7 = October 27-31.
8-10 = November 6-13.
11-14 = November 20 - December 4. 
Totals may not add across because of the effects of 





cIn this and all subsequent tables in this chapter, 
statistical significance is expressed by the following 
notation:
NS = non-significant;
+ = significant at the 10% level;
* = significant at the 5% level;
## = significant at the 1% level;
based on general linear models analysis of variance 
tests.
j
In this and all subsequent tables in this chapter, "CV" 
refers to the coefficient of variation: the sample
standard deviation, based on the appropriate error term, 
expressed as a percentage of the sample mean.
eIn this and all subsequent tables in this chapter, the 
following notation is used for error terms involving 
main plots and subplots: 
a = main plot error; 
b = subplot error; 
ab = pooled error a and b.
See chapter 7 for details of experimental design.
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the apparent trend in yields shown in table 57* Substitu­
tion of organic matter for 50% of the inorganic fertilizer 
N requirement resulted in greater yield in earlier harvests, 
but early yields overall were lower than later in.the sea­
son. In contrast, yields were delayed when only inorganic 
fertilizer was used, but the later yields were much greater 
than the yields in the earlier harvests. As a result, over 
the entire harvest period, both marketable and total yields 
were highest when only inorganic fertilizer was used. Sub­
stitution of organic matter for 25$ of the inorganic matter 
N requirement resulted in yields intermediate in both ear­
liness and overall yield over the entire harvest period.
A major problem in interpreting the above data lies 
in the low precision of main plot comparisons in the split- 
plot design used. Two approaches were taken to deal with 
this problem. The first approach involved examination of 
the error term for main plot treatments. Using a fixed 





Components of variation 




Columns 6t2 + b d 62 + ab 6*2
6f2 + b6 2 + ab6p
b*2 + b(S 62 + ab6<jf
6c2 + b 6&2
Subplots <5t2 + a2^ 2
Error b
Interaction
The key question with this model is whether the 
experimental error associated with the main plots is 
significantly different from the experimental error asso­
ciated with the subplots. In many experiments, the latter 
error is characteristically smaller than the former (104). 
In that case, 65 is real and error a is the appropriate 
error term for testing whether main plot effects are real. 
On the other hand, however, experimental error for main 
plots may not be significantly different from experimental 
error for subplots. An F-test of the sample estimate of 
error a divided by the sample estimate of error b is an 
appropriate means of determining if the experimental error 
associated with the main plots is real. If the F-test 
ratio of sample error a over sample error b is not large 
enough to be significant, then we can accept the hypothesis 
that is not real. In that case, we can conclude that
sample error a and sample error b are both estimates of
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2<5€ , the variance associated v;ith a common experimental 
error. By pooling error a and error.b, we can therefore 
increase degrees of freedom and obtain a more efficient 
estimate of experimental error for testing whether main 
plot effects are real than we could by using error a 
alone.*
In table 57, the results of the examination of error 
terms are shown for each harvest. The notation "ab" 
indicates- that error a was not significantly different 
from error b and so an error term which pooled error a 
and error b was used for testing main plot effects. On 
the other hand, the notation "a" indicates that error a 
was significantly different from error b and so the former 
was used for testing main plot effects.
Even when pooling of error terms was possible, how­
ever, coefficients of variation were characteristically 
high, especially in the earlier harvests. Coefficients 
of variation for the residual error b showed a trend of 
decline from earlier to later harvests, as can be seen from 
the following data (coefficients of variation expressed in 
%)i
Yield Harvest Total
  1-3 q-5 6-7 8-10 11-14 _____
Marketable 98 77 59 37 31 33
Total 53 48 50. 33 22 25
‘I am indebted to Dr. Ruben Villareal, AVRDC Plant 
Breeder, for bringing this technique of analysis to my 
attention.
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These data thus constitute further evidence that tomato 
yield is greatly influenced by the environment, since 
fruit harvested in the earlier harvests were set and 
developed under conditions of higher temperature and 
greater rainfall than fruit harvested later in the 
season. In addition, the data also show that marketable 
yield is even more subject to environmental effects than 
is total yield.
As a result of the high degree of inherent varia­
bility in experimental error, even when pooling of error 
terms was justified, the experiment was not able to detect 
significance for most of the differences in yield shown 
in table 57. Although errors a and b were pooled for both 
marketable and total yield from harvests l-'3, the differ­
ences were significant only at the 10$ level of signifi­
cance. Least squares single degree of freedom compari­
sons failed, however, to show significance either in the 
94$ increase in marketable yield from 0.12 t/ha to a mean 
of 0.23 t/ha resulting from the use of organic matter, 
or in the 138$ increase in the marketable yield of 0.33 
t/ha resulting from the 50$ organic matter N substitution 
relative to the marketable yield of 0.14 t/ha with 25$ 
substitution. Likewise, in harvests 8-10, the marketable 
yield of 1.95 t/ha in the treatment without organic matter 
N substitution represented a 114$ increase over the mean 
marketable yield of 0.91 t/ha in the treatments with
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organic matter N substitution. Total yield in the treat­
ment without organic matter N substitution was also more 
than double the mean total yield in the organic matter 
treatments. Nevertheless, because of a higher degree of 
experimental error associated with the main plots in 
harvests 8-10, errors a and b could not be pooled and 
the above differences could not be detected as significant.
The second approach taken with the objective of 
reducing the high degree of experimental error that we 
have seen was characteristic of the experiment was to 
examine the possibility that differences in inherent soil 
nutrient variability in the fine sandy loam soil of the 
experimental field were responsible for a portion of that 
experimental error. Results of the soil analysis for 
organic matter, total N, available available K20,
Ca, Mg, and pH indicated that most of the inherent differ­
ences in the status of each individual nutrient that 
existed in the field before the start of the experiment 
were removed by the use of the Latin Square design. Table 
58 shows that all significant differences in soil organic 
matter and the status of major soil nutrients were associ­
ated with either the columns, the rows, or both, but not 
with the main plots, after removal of the effects of the 
columns and rows. In addition, there were no significant 
differences associated with either subplots or with main 
plot-subplot interaction for any of the above soil 
variables.
TABLE 58
DIFFERENCES .IN SOIL ORGANIC MATTER, 
MACRONUTRIENT, SECONDARY ELEMENT, AND pH STATUS 



























Columns NS xx NS XX XX X XX
Rows x NS NS X NS NS NS
Main plots NS NS NS NS NS NS NS
Error ab ab a ab ab ab ab
CV 8 7 67 9 11 10 1
Meana 1.60 0.10 8.6 44.1 3215 282 8.1
±0.13 ±0.01 ±5.8 ±40 ± 368 ± 27 ±0.1
Range
columns 0.05 0.03 5.7 14.5 744 40 0.2
rows 0.18 0.01 2.4 5.8 325 19 0.1
main plots 0.04 0.01 1.8 2.8 253 19 0.1overall 0.71 0.05 15.4 36.2 2071 116 0.4
Maximum 1.80 0.13 17.5 68.1 4526 360 8.3
Minimum 1.09 0.08 2.1 31.9 2455 244 7.9
Physical analysis: 74$ sand, 14$ silt, 12$ clay.
Cation exchange capacity range: 7-38-9.19 meq/100 g soil (based on 14 samples from
adjacent plot in same experimental field). 
a±l standard deviation based on error term used.
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Analysis of soil nutrient status after the experiment 
suggested that the fertilization treatments had a signifi­
cant positive effect on soil organic matter and P2°5 con~ 
tents, as there was a 14# significant increase in the - 
former and a 233# highly significant increase in the latter 
at the end of the experiment. There was also a 54# 
increase in K20 content, but this increase was significant 
only at the 10# level of significance. Nitrogen content, 
on the other hand, showed a significant 14# decrease.
These changes are shown by the following data:
Nutrient Organic matter
N substitution (#)
0 25 50 all
Organic matter
X%)before 1.60 1.51 1.48 1.53after 1.71 1.68 1.83 1.74difference 0.11 0.17 0.35 0.21t-test #
N t#>
before 0.10 0.11 0.11 0.10
after 0.09 0.09 0.10 0.09
difference - 0.01 - 0.02 - 0.01 - 0.01
t-test *
p2°5 Cppm)
before 9.0 9.0 8.6 8.9
after 23.8 37.1 27.6 29.6difference 14.8 28.1 19.2 20.7t-test ##
K20 (ppm)
before 41.2 43.5 44.9 43.2after 57.1 44.8 98.1 66.7
difference 15.9 1.3 53.2 23.5t-test +
Analysis of differences in soil nutrient content after the 
experiment failed to show significance in the apparently
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larger Increases in soil organic matter and K20 content 
in the treatment with 50% organic matter N substitution, 
possibly because of the small size of the sample after the 
experiment.
Although the above analysis indicated that the Latin 
Square design removed most of the differences in nutrient 
status when each nutrient was considered individually, 
table 59 shows that analysis of covariance for yield with 
organic matter, N, **2^5* an<̂  ^2® considered as joint co- 
variates did detect significance in more of the adjusted 
yield differences in harvests 1-3 and the combined yield 
from harvests 8-14. These results thus suggest that the 
trends observed in table 57 do represent real differences.
Furthermore, the analysis of covariance also showed 
that there were significant effects on adjusted yield 
early in the season due to interactions between organic 
matter N substitution and total fertilization rate. Table 
60 shows that the only significant differences in unad­
justed yields among total fertilization rates when averaged 
over all three organic matter N substitution treatments 
were at the end of the experiment. Table 61 shows, how­
ever, that after adjustment for differences due to soil 
nutrient covariates, both total fertilization rate averaged 
over the organic matter N substitution treatments and the 
Interaction of total fertilization rate with organic matter 
N substitution had highly significant effects on marketable
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TABLE 59
EFFECT OF ORGANIC MATTER SUBSTITUTIONS 
ON TOMATO YIELD (t/ha)
AFTER ADJUSTMENT FOR COVARIANCE WITH 


















































EFFECT OF FERTILIZATION RATE 
ON TOMATO YIELD (t/ha), 1978






1-3 4-5 6-7 8-10 11-14
Market­ 75 .18 .50 .83 1.02 0.78 3.62
able 100 .20 .47 .93 1.26 0.86 3.87
yield 125 .21 .45 .89 1.50 1.08 4.12
Signi­
ficance
NS NS NS NS + NS
Error ab ab ab b b ab
CV 97 73 59 37 31 37
Total 75 0.65 1.88 1.52 1.47 1.46 7.74
yield 100 0.64 1.72 1.66 1.90 1.65 7.66
125 0.70 1.84 1.54 2.23 2.04 8.35
Signi­
ficance
NS NS NS + * NS
Error ab ab ab b b ab
CV 55 45 49 33 22 25
aTotals may not add across because of the effects of 
missing values estimated by least squares means.
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TABLE 61 
EFFECT OF INTERACTION 
OF ORGANIC MATTER N SUBSTITUTIONS 
AND TOTAL FERTILIZATION RATE 
ON EARLY TOMATO YIELD (t/ha ) 
AFTER ADJUSTMENT FOR COVARIANCE 











0 75 0.16 0.68 0.09 0.51100 0.14 0.42 0.06 0.21
125 0.06 0.31 • 0.29 0.89
25 75 0.18 0.52 0.14 0.54
100 0.13 0.68 0.16 0.54
125 0.11 0.54 0.14 0.61
50 75 0.21 0.74 -0.06 0.41
100 0.33 0.82 0.41 0.82
125 0.45 1.24 0.37 1.16
Significance^
main plots (2) + + NS *
0,+ NS NS NS NS
25,50 NS NS NS +
subplots (2) NS NS *« «
. <100,125 NS NS + # -
75,100 NS NS + NS
interaction (4) 
om/fert
NS NS ** *
0,+/£100,125 NC NC NS NS0,+/75,100 NC NC * *
25,50/<100,125 NC NC + +
25,50/75,100 NC NC «* NS
Error ab ab ab ab





a0rganic matter N substitution (%)
^Total fertilization rate {%).
CNC = not calculated
j
Single degree of freedom least squares comparisons, n 
comparisons for. each effect where n = degrees of freedom 
of the effect (n enclosed in parentheses after the effect), 
were obtained using the following multipliers:
Comparison 0 25 100
75 100 125 75 100 125 75 100 1250,+ -2 1 r 1 I 1
25,50 0 0 0 -1 -i -1 1 1 1
£100,125 -1 -1 2 -1 -i 2 -1 -1 2
75,100 -1 1 0 -1 i 0 -1 • 1 0
0,+/£100,125 2 2 -4 -1 -i 2 -1 -1 20,+/75,100 2 -2 0 -1 i 0 -1 1 0
25,50/*100,125 0 0 0 1 i -2 -1 -1 2
25,50/75,100 0 0 0 1 -i 0 -1 1 0
Note that in the main plot and subplot comparisons, 
multipliers are given above for each treatment combina­
tion for illustrative purposes, but since the calculations 
are done on the main plot and subplot effects averaged 
over subplot and main plot treatments respectively, only 
three multipliers each are actually used in the calcula-*
SP  75 100 125
tlons:
MP 0_ 25 50
0,+ -2 1 1
25,50 0 -1 1 *100,125 -1 -1 275,100 - 1 1 0
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yield and significant effects on total yield in harvests 
1-3.
In order to determine the source of these inter­
actions, a set of orthogonal comparisons was conducted. 
Note d in table 61 shows the multipliers used to partition 
the different sums of squares in order to obtain the 
desired comparisons. The results of the first comparison 
for interaction indicate that increasing total fertiliza­
tion level from the mean of the 100$ and 75$ levels to the 
125$ level did not have a significantly greater positive 
effect on either the mean marketable or the mean total 
yield of the two organic matter treatments than it did on 
those yields in the main plot treatment without organic 
matter. In contrast, however, the results of the second 
comparison indicate that decreasing total fertilization 
level from the 100$ to the 75$ level had a significantly 
greater negative effect on both mean marketable and mean 
total yield of the two organic matter treatments than it 
did on those yields in the treatment without organic 
matter (in which adjusted yields were actually greater 
at the 75% total fertilization level).
The results of the third comparison suggest that 
Increasing total fertilization level from the mean of 
the 75$ and 100$ levels to the 125$ level had a greater 
positive effect in the treatment with 50$ organic matter 
N substitution than it had in the treatment with 25$
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organic matter. These effects were, however, significant 
for both marketable and total yield at the 10$ level of 
significance only. The results of the fourth comparison 
definitely indicate, however, that decreasing the total 
fertilization level from the 100$ to 75% level had a 
highly significantly greater negative effect on marketable 
yield (adjusted marketable yield in fact becoming a nega­
tive value, suggesting Inadequate N for microbial activi­
ties) in the main plot treatment with 50$ organic matter 
N substitution than it did on marketable yield in the 
treatment with only 25$ organic matter N substitution. A 
similar trend for total yield was not, however, significant.
The above results considered in their entirety suggest 
the following interpretation. Organic matter does have a 
positive effect on yield early in the season, consistent 
with the hypotheses established before the experiment.
This positive effect cannot be obtained, however, if total 
fertilization level is decreased. Instead, at the higher 
rate of organic matter use, it may be magnified by increas­
ing total fertilization level. In terms of the model pre­
sented in chapter 6, higher total fertilization levels may 
support greater microbial activity, with higher initial iQ, 
more complete initial decomposition of the organic matter, 
higher subsequent m^, and consequent more rapid mineraliza­
tion of a greater amount of N and other nutrients. At the 
50$ organic matter N substitution rate, an Increased total
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fertilization level in turn means that the actual rate of 
inorganic fertilizer N applied together with the organic 
matter cannot be decreased to only half or one quarter of 
the 100/S recommended rate of inorganic fertilizer N appli­
cation. The 50# organic matter N substitution rate would, 
however, permit reduction of inorganic N fertilizer to the 
75# level, elimination of inorganic P2°5 > and reduction of 
inorganic K20 fertilizer to a 66% level (these, repre­
senting the actual rates of inorganic nutrients applied 
in this treatment, as shown in table 51), yet still supply 
nutrients at the higher 125# level of total fertilization.
Finally, however, three points of caution in the 
interpretation of the above data should be stressed. First, 
the results are only for the initial three harvests.
Second, significance was found only for yields adjusted 
after removal of differences due to soil nutrient covari- 
ates. While this indicates that there are real differences 
in treatment combination effects, it does not imply that 
farmers could necessarily expect to obtain yield differ­
ences such as those of the adjusted means. In any farmer’s 
field, there will be natural variation in soil nutrient 
status which may prevent the full expression of the differ­
ences indicated by the analysis of covariance. Third, 
overall yield, including that in the treatment with 50# 
organic matter N substitution at the 125# total fertiliza­
tion level, was low due to the greater negative effect of
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the unfavorable environmental' conditions of the rainy 
season when the crop was planted. In order for the above 
results to have greater practical meaning, overall yield 
levels of tomato planted in the rainy season therefore 
first need to be raised considerably through further breed­
ing and management research.
Analysis of differences in number of fruit and mean 
fruit size indicated that the differences in yield among 
main plot treatments in harvests 1-3, 8-10, and 11-14 were 
due to differences in the number of fruit rather than in 
fruit size, as shown by the data in table 62. In parti­
cular, the differences in numbers of total yield fruit 
among treatments in harvests 8-10 were highly significant. 
These differences are proportionally similar to the differ­
ences in numbers of marketable fruit. That the differences 
in total number of fruit are highly significant reflects 
the lower coefficient of variation of the error term 
against which those differences were measured. In addition, 
in harvests 11-14, where errors were pooled for both market­
able and total numbers of fruit, the differences among 
treatments Were also significant or highly significant.
These considerations are thus further indirect evidence 
that the other differences of similar proportions in this 
experiment in numbers of fruit and yield are real differ­
ences that are masked by greater variability when the crop 
is planted in the rainy season.
TABLE 62
EFFECT OF ORGANIC MATTER SUBSTITUTIONS








no. of weight 





no. of weight 





no. of weight 
fruit (g / 
(1000/ fruit) 
ha )
Market­ 0 2.9 38 51.0 40 31.5 38
able 25 3.6 43 29.6 38 26.9 36
yield 50 9.2 40 19.2 36 15.2 37
Significance NS NS NS NS * NS
Error ab a a ab ab ab
CV 115 44 101 17 41 13
Total 0 13.3 34 83.4 33 73.1 30
yield 25 16.5 38 53.5 34 62.8 30
50 27.1 37 35.9 30 36.6 31
Significance + NS ** . NS ** NS
Error ab a ab ab ab ab




Examination of the effects of the interaction of 
organic matter N substitution and total fertilization rate 
on yield components suggested that the marketable yield 
increases associated with organic matter used at higher 
total fertilization levels were due to greater numbers of 
fruit, but that the increased fruit production at the 
highest fertilization level came at the expense of a 
decreased mean fruit size. The data in table 63 show that 
after adjustment for differences associated with soil 
nutrient covariates, increasing total fertilization level 
to 125# resulted in a highly significant decrease in fruit 
size while tending to increase number of fruit in all main 
plot treatments. This negative effect of higher total 
fertilization level on fruit size was significantly miti­
gated in the plots with organic matter N substitution (and 
apparently more so at the 50# organic matter rate), but 
even in those plots the net effect was still a decrease in 
mean fruit size.
Analysis of fruit quality showed that organic matter 
N substitution had no effect on shape or uniformity of 
ripening. Surprisingly, a higher degree of cracking was 
associated with organic matter use, with significant or 
highly significant differences appearing in harvests 4-5 
and 6-7. Cracking decreased markedly but blotchy ripening 
tended to increase as the cool, dry season set in. Fruit 
shape and the incidence of green shoulders showed no trend 
as the season progressed (table 64).
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TABLE 63 
EFFECT OF INTERACTION 
OF ORGANIC MATTER N SUBSTITUTIONS 
AND TOTAL FERTILIZATION RATE 
ON EARLY TOMATO YIELD COMPONENTS 
AFTER ADJUSTMENT FOR COVARIANCE 
WITH SOIL NUTRIENT STATUS, 1978
Oma Fert*















0 75 3.1 45 0.5 44100 3.3 ‘43 1.0 45
125 2.3 30 8.8 15
25 75 5.6 35 4.5 51100 2.8 39 4.5 50
125 2.5 43 3.3 29
50 75 5.4 39 - 2.7 42
100 7.5 45 10.4 48
125 14.8 34 11.9 35
Significance^
main plots (2) NS NS NS NS
0,+ NS NC NS NS
25,50 NS NC NS NS
subplots (2) NS xx X X
<100,125 NS XX + XX75,100 NS XX NS NS
interaction (4) NS NS X +
om/fert 
0,+/*100,125 NC NC NS X0,+/75,100 NC NC NS NS
25,50/1100,125 NC NC + +
25,50/75,100 NC NC X NS
Errore ab a.b ab a,b





a0rganic matter N substitution.
bTotal fertilization rate.
cNC = not calculated.
^Single degree of freedom least squares comparisons, 
n comparisons where n = degrees of freedom of the effect 
(n enclosed in parentheses after the effect), were 
obtained using multipliers identical to those in note d, 
table 61.
eWhere there are two error terms and CV’s separated by 
commas, the first error term was used for main plot 
comparisons and the second error term for subplot and 
main plot-subplot interaction comparisons. The two 
CV’s refer to these respective error terms.
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TABLE 64
EFFECT OF HARVEST, ORGANIC MATTER SUBSTITUTIONS 
AND FERTILIZATION RATE 
ON TOMATO QUALITY, 1978
Quality Harvest
factor 1-3 4-5 6-7 8-9 11-12 13-14
Shape indexa . 0.8 0.9 0.9 0.8 0.9 0.9Green shoulder index 0.6 0.7 0.8 0.9 0.8 0.7Blotchy ripening index0 1.5 1.7 1.7 1.9 1.9 1.9
Cracking index** 1.4 1.0 1.4 1.4 0.8 0.5
main plots 
0 1.2 0.9 1.3 1.3 0.6- 0.4
25 1.5 1.0 1.3 1.4 0.8 0.7
50 1.7 1.2 1.6 1.6 0.9 0.5
significance6 NS #* # NS NS NS
error ab ab ab a a ab
CV 22 8 7 33 55 27
aFlat = (-1), round = 0, plum = 1.
^Uniform = 0 ,  green shoulder = 1.
cNone = 0, mild = 1, medium = 2, heavy = 3.
dNone = 0, very mild = 1, mild = 2, medium = 3» heavy = 4 ,  
very heavy = 5.
eDetermined after square root transformation.
The greater relative strength of environmental effects 
over the effects of management practices for rainy season 
tomato production can also be seen in the results of the 
1978 bed management experiment. Table 65 shows that the 
use of high beds resulted in relatively greater yield 
early in the season. For total yield, with a lower coeffi­
cient of variation, the 83$ increase was highly significant. 
Moreover, there was an interaction between bed width and 
height. While overall this interaction was significant 
only at the 10% level, means separation using Tukey’s w 
procedure (or Honestly Significant Difference, HSD) indi­
cated that the yield on the high, wide beds was signifi­
cantly different from that on the other types of beds. A 
similar increase occurred in marketable yield, but it 
was not significant in comparison with the greater inherent 
variability in marketable yield as evidenced by its higher 
coefficient of variation.
In contrast, fruiting on the low beds was delayed 
until later in the season when environmental conditions 
were more favorable. As a result, both marketable and 
total yield on the low beds showed highly significant 
increases of 56% and 36% respectively in harvests 8-17, 
in November and December. Moreover, since yield in all 
treatments was greatest in November and December, the 
marketable yield over the entire cropping period from the 
low beds (although not their total yield) showed a highly
TABLE 65
EFFECT OF BED SYSTEMS




















harvests harvests total Total Y i e l d ______________harvests harvests total 































































vIn this and all subsequent tables in this chapter, the following notation is used for 
error terms involving sub-subplots, together with the notation in table 57 for error 
terms involving main plots and subplots: • 
c = error c; 
be = pooled error a and b.
abc = pooled error a, b, and c.
See chapter 7 for details of experimental design.
wSubplots: H = high, L = low.
xMain plots: W = wide, N = narrow.
^Means separation in column by Tukey's w procedure (HSD), 5%•
zHarvest dates: 1 - 3  = September 29 - October 12.
4 - 5  = October 17 - 23.
6 - 7  = October 27 - 31.
8 - 1 0  = November 6 - 1 3 .
11 - 14 = November 20 - December 4.
15 - 17 = December 8 - December 20.
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significant 0% increase over that from the high beds.
In the above analysis, the error terms for subplots 
and main plots were examined against the residual error 
term, in a manner analogous to that discussed for the 
organic matter experiment. Where resulting F-tests were 
non-significant, error terms were pooled. In table 65, 
the notation in row for "Error" indicates which error term 
was used: main plot error "a"; a pooled subplot and resi­
dual error term "be"; or a pooled main plot, subplot, and 
residual error term "abc."
Table 66 shows that, in contrast to the other 
practices we have examined, the use of rice straw mulch 
gave significant or highly significant yield increases 
both early and late in the season. Moreover, the 118# 
increase in marketable yield early in the season was great­
er proportionally (although not in absolute numbers) than 
the 8l# increase later in the season. Orthogonal com­
parisons indicated that there were no significant differ­
ences in either marketable or total yield between thick 
and thin rates of mulching early in the season. Later in 
the season, however, the data suggest that the thick mulch 
was superior, although both the 27# increase in marketable 
yield and the 22% increase in total yield with the thicker 
mulch were significant only at the 10# level.
The coefficients of variation in table 66, all of 
which are based on error terms that include the residual,
TABLE 66
EFFECT OF MULCH
ON TOMATO YIELD (t/ha ), 1978
Mulcha Marketable yield
harvests harvests
1 - 7  8 - 1 7
0 0.38 3*44







  Total yield__________________
total harvests harvests total
  1 - 7  8 - 1 7  _____
3.82 1.42 5.61 7.02
5.68 2.45 8.02 10.47
6.93 2.44 9.82 12.26
XX  * XX  XX
XX  X X  X X  XX
+ NS + +
be abc be be
31 44 29 24
aMulch: 0 = none, 1 = thin, 2 = thick.
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confirm again the trend observed in the organic matter 
experiment that inherent variability in yield is greater at 
the end of the rainy season and decreases as the dry season 
progresses.
Examination of the effect of bed systems on tomato 
indicated that the differences in yield among bed systems 
both early and late in the season were due to differences 
in the number of fruit rather than in fruit size,, as shown 
by the data in table 6.7. In particular, the superiority 
of the high, wide beds over other bed types in the early 
harvests was due to their production of over twice as 
many marketable and total numbers of fruit. The interaction 
between bed width and height was significant at only the 
10# level of significance for marketable yield, but for 
total yield the same trend was significant, and Tukey’s 
HSD test indicated that the number of fruit on the high, 
wide beds was significantly greater than on other bed types.
The interaction between bed width and height also had 
a significant effect on marketable fruit size. Surprising­
ly, marketable fruit size appeared to be smaller on high, 
wide beds than on narrow, high beds or wide, low beds. 
Although the overall interaction was significant, however, 
Tukey’s HSD test failed to show significance in the differ­
ences among individual treatment means. It should be noted 
here that significance in Tukey’s HSD test is experiment- 
wise, and the failure to find significance in the above
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TABLE 67'
EFFECT OF BED SYSTEMS
ON TOMATO YIELD COMPONENTS, 1978
SPW MPX Harvests; 1 - 7 Harvestsi 8 - 17
total fruit total fruit
no. of weight no. of weight
fruit (g/ v fruit (g/(1000/ fruit)y (1000/ fruit)
ha)Y ha)
Marketable H W 28.2 b 42 b 107.1 42yield N 12.5 b 50 b 71.9 41
L W 11.2 b 50 b 158.3 44N 13.3 b 40 b 108.2 42
Significance
W,N NS NS NS NS
H,L + NS NS
interaction + * NS NS
Error25 abc abc a,be a,b
CVZ 80 19 93,35 15,10
Total H W 99.6 a 37 209.7 36
yield N 49.6 b 40 155.4 38
L W 35.4 b 46 279.7 38N 36.1 b 39 201.0 35
Significance
W,N * NS NS NS
H,L NS * NS
interaction * NS NS NS
Error abc abc a,be a,b
CV 55 20 68,29 17,16
wSubplots: H = high, L = low.
xMain plots: W = wide, N = narrow.
^Means separation in column by Tukey’s w procedure 
(HSD), 5%>
zWhere there are two error terms and CV’s separated by 
commas, the first error term was used for main plot 
comparisons and the second for subplot and main plot- 
subplot interaction comparisons. The two CV’s refer to 
these respective error terms.
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results Indicates that greater than 5% of this type of 
experiment would give one or more false significant differ­
ences among homogeneous means (106).
On the other hand, however, concurrent increased 
fruit production and apparently decreased mean fruit size 
on the wide, high beds is not an entirely surprising trend, 
in light of the observations of the significant negative 
effects of increased fertilization level on fruit size. 
Thus, these data suggest that both fertilization and bed 
management practices may have similar mechanisms of yield 
increase: greater fruit production at the expense of some
loss of fruit size.
In contrast to the absence of a positive effect of 
bed height on fruit size, the data in table 68 indicate 
that the use of mulch (regardless of thickness) resulted 
in larger marketable and total fruit size in the earlier 
harvests. The data also suggest that the use of mulch 
(and especially the thin mulch) increased the number of 
fruit in the earlier harvests. In particular, the number 
of marketable fruit increased 6H% when mulch was used.
This percentage increase was actually substantially greater 
than the 22% increase in mean fruit size associated with 
the use of mulch. The percentage increase in number of 
total fruit when mulch was used was 2H%, somewhat less than 
the 305S increase in mean fruit size but still a substantial 























Marketable 0 11.4 40 79.3 42
yield 1 20.2 47 113.8 42
2 17.4 51 141.0 43
Significance
overall NS * *** NS
0,1+2 NS * #* NS
1,2 NS NS NS NS
Error abc abc be c
CV 80 19 35 5
Total 0 47.5 33 152.5 36
yield 1 62.7 42 222.3 35
2 55.3 46 259.5 37
Significance
overall NS * NS
0,1+2 NS ** #* NS
1,2 NS NS NS NS
Error abc abc be c
CV 55 20 29 8
aMulch: 0 =; none, 1 = thin, 2 = thick
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fruit were 16# and 13# respectively greater In plots with 
thin mulch than in plots with thick mulch. Because of the 
higher degree of inherent variability in numbers of fruit 
than in mean fruit size, however, it was not possible to . 
show significance for any of the apparent differences 
among mulch treatments in numbers of fruit in the earlier 
harvests.
There was no evidence that the use of mulch mitigated 
the apparent association of increased fruit production with 
smaller fruit size on high, wide beds. No significant 
differences were found in the effect of either bed height- 
mulch interaction or bed height, bed width, and mulch 
interaction on mean marketable or mean total fruit size.
In the later harvests, the use of mulch had no 
significant effect on fruit size. On the other hand, 
mulch did result in highly significant 61# and 58# 
increases respectively in marketable and total numbers of 
fruit. Paralleling the effect of thicker mulch on yield, 
the data suggest that the thicker mulch resulted in greater 
numbers of fruit, but orthogonal comparisons did not indi­
cate that the differences in numbers of fruit between thick 
and thin mulches were significant.
Analysis of fruit quality parameters showed that fruit 
shape and the incidence of green shoulders and blotchy 
ripening remained essentially constant throughout the 
experiment. Although there were a few significant
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differences among treatments In these parameters, the 
differences were all small in magnitude and did not show 
any meaningful trend. In contrast, paralleling the 
results of the organic matter experiment, the incidence 
of fruit cracking showed a marked declining trend from 
late November. Surprisingly, there was significantly 
greater fruit cracking in mulched plots in September and 
October. In addition, In three of the four combined har­
vest periods in November and December, fruit cracking was 
significantly or highly significantly greater on the high 
beds than it was on the low beds. This was most likely 
due to greater water stress on the high beds resulting from 
soil water level dropping as the dry season progressed. 
There were no significant interactions between mulch and 
bed height in any of the later four harvest periods, 
indicating that the use of mulch did not have a greater 
advantage in conserving soil moisture on the high beds 
after the dry season began (table 69).
The above 1978 results were taken into account in the 
design of the 1979 experiments. By combining all factors 
into one experiment, it was hypothesized that It might be 
possible to obtain a greater positive effect on yield due 
to the Interaction of high, wide beds, organic matter N 
substitution, and mulching.
Because of the late blight epiphytotic, however, 
overall yields in 1979 were much lower than in 1979*
TABLE 69
EFFECT OF HARVEST, BED SYSTEM, AND MULCH 
ON TOMATO QUALITY, 1978
Quality Harvest
factor3- 1-3 4-5 6-7 ' 8-9 11-12 13-14 15-17
Shape index 0.8 0.8 0.9 0.9 1.0 0.9 0.9Green shoulder index 0.8 0.7 0.8 0.8 0.6 0.8 0.8Blotchy ripening index 1.8 1.7 1.8 1.9 1.9 2.0 1.9Cracking index 1.1 1.1 1.3 1.1 0.6 0.4 0.5main plots: H 1.2 1.1 1.4 1.2 0.8 0.4 0.6L 1.0 1.0 1.2 0.9 0.4 0.4 0.5
significance15 NS NS NS X XX NS Xerror abc b b abc abc abc abc
mulch: 0 0.5 0.8 1.1 1.0 0.7 0.5 0.61 1.5 1.1 1.3 1.1 0.5 0.4 0.42 1.3 1.3 1.6 1.0 0.6 0.4 0.6
significance15
overall * X * X NS NS NS NS0,1+2 * XX X NS NS + NS
1 3 2 NS NS NS NS NS NS +error abc c c abc abc abc abcCV 42 18 19 22 23 31 23
aRating system identical to that of table 61. Subplot, main plot, and mulch (sub­
subplot) symbols identical to those in previous tables.
determined after square root transformation.
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Moreover, both overall marketable and total yields in 1979 
were less than the marketable and total yields obtained 
during the first seven harvests in the 1978 experiments 
(which covered the same length of time as the 1978 experi­
ment). Because of premature termination of the 1979 exper­
iment, it was not possible to observe whether lower night 
temperatures in October and November would have had the 
same effects on late fruit production as the lower night 
temperatures in the 1978 experiment did. Nevertheless, the 
fact that the 1979 yields were lower in comparison with 
1978 yields during the first seven harvests again confirms 
that the overall effect on tomato yield of adverse environ­
mental conditions during the rainy season (high night tem­
peratures and more rainfall in 1979 than in 1978) is 
greater than the beneficial effects of the management 
practices investigated in these experiments.
Although overall yields in 1979 were low, significant 
differences were found among treatments which generally 
paralleled the results of the 1978 experiments. Table 70 
shows that in 1979 both bed height and mulching had similar 
positive effects on yield. The use of high, wide beds 
resulted in a significant 5^% increase in marketable yield, 
from 0.80 to 1.23 t/ha, in the last three harvests, in 
which 76% of the marketable yield and 75% of the total 
yield of the experiment were harvested. Moreover, in the 
peak fifth harvest, a 62% Increase in marketable yield
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TABLE 70
EFFECTS OF BED HEIGHT, FERTILIZATION TREATMENTS,
AND MULCHING
ON TOMATO YIELD (t/ha), 1979
Factor Marketable yield Total yield
harvestsa all harvests** all
1-3 4-6 1-3 4-6
Bed height
high 0.27 1.23 1.50 0.53 2.13 2.65
low 0.36 0.80 1.17 0.62 1.37 1.99
Significance + * NS NS ** *
Error abc ab ab abc' ab ab
CV 74 89 73 56 69 55
Fertilization13
local 0.28 0.81 1.08 0.50 1.35 1.85fert/100 0.33 0.96 1.29 0.66 1.68 2.33om/100 0.41 1.36 1.77 0.68 2.23 2.92
fert/125 0.25 0.81 1.06 0.47 1.46 1.93
om/125 0.31 1.15 1.46 0.54 2.02 2.57Significance NS NS NS NS NS NS
Error abc ab ab abc ab ab
CV 74 89 73 56 69 55
Mulch
with 0.37 1.16 1.53 0.65 1.94 2.59without 0.26 0.87 1.14 0.50 1.55 2.04*
Significance # ## #* K ## **
Error abc c c abc c c
CV 74 42 42 56 31 32
aHarvest dates:
1-3 = September 3-19.
Z|_6 = September 24-October 10.
bLocal = Bureau of Soils Batac, Ilocos Norte, laboratory 
recommendation.
Fert/100 = Inorganic fertilizer at 100% of 1979 rate.
Orn/lOO = 25% organic matter N substitution at 100% of
1979 rate.
Fert/125 = Inorganic fertilizer at 125% of 1979 rate. 
Om/ 125 = 25% organic matter N substitution at 125% of 
1979 rate.
See chapter 7 and table 54 for additional details.
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from 0.39 to 0.63 t/ha was also significant. Over the 
entire six harvests, the use of high, wide beds resulted 
in a 33$ increase in marketable yield, but this increase 
was not significant. The 34$ increase in total yield over
all six harvests was, however, significant.
Yield increases due to mulching were proportionally 
smaller, but due to more efficient error terms, all were 
significant or highly significant. Mulching resulted in 
highly significant 35$ increases in marketable yield in 
both the last three harvests as well as over the entire 
six harvests. Mulching also resulted in similar highly 
significant increases in total yield.
As in 1978, there were no significant effects on 
yield associated with bed height-mulch interaction.
Paralleling the results of the 1978 experiment, the 
coefficients of variation in the residual error term showed 
a decreasing trend as the rainy season came to an end
(except in the last harvest due to the effects of the late
blight epiphytotic). Also as in 1978, coefficients of 
variation were, higher throughout the experiment for market­
able yield than for total yield, as shown by the following 
data (in %):
Yield Harvest Overall
1__ 2_ 3_ 4_ 5_ 6_
Marketable 149 92 84 54 51 99Total 130 78 61 34 40 76
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Although table 70 shows that there were no significant 
differences among the five fertilization treatments consi­
dered together, the data suggest a trend similar to that 
observed in the early 1978 harvests: higher marketable
and total yield in the treatments with organic matter N 
substitution than in the treatments using inorganic ferti­
lizer alone. Since tests of mean differences among several 
treatments that are not significant may mask real differ­
ences between individual combinations of. treatments (106), 
four single degree of freedom orthogonal comparisons were 
made on marketable yield and total yield in both the last 
three harvests and over the entire harvest period. In 
addition, the same comparisons were also made on the two 
types of marketable yield over the entire harvest period, 
grade A yield (larger fruit with only minor or no blem­
ishes, which sold at a PI.00/kg higher price in the Dingras 
market) and grade B yield (fruit of smaller size and/or 
lesser but still marketable quality).
Table 71 shows that the results of the orthogonal 
comparisons indicated that the treatments with partial 
organic matter substitution did result in a significant 
91# increase in grade A fruit yield, but that the 25# 
increase for grade B fruit was not significant. The same 
comparisons failed, however, to find significance in the 
differences in marketable or total yield between the mean 
effect of the higher modified AVRDC total fertilization 
rates and the local rate.
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TABLE 71
PARTITION OP EFFECTS OF ORGANIC MATTER N SUBSTITUTION 
AND HIGHER FERTILIZATION RATE 
ON MARKETABLE TOMATO YIELD (t/ha), 1979





A B A+B cull total
Om 1.26 2.13 0.42 1.20 1.62 1.13 2.75Inorganic 0.89 1.57 0.22 0.96 1.18 0.96 2.13
Significance3 NS + K NS + + +
Higher rate 1.07 1.85 0.32 1.08 1.40 1.04 2.44
Local rate 0.81 1.35 0.20 0.88 1.08 0.77 1.85
Significance3 NS NS NS NS NS * NS
Error ab ab abc ab ab abc ab
CV 89 69 111 64 73 38 55
Significance based on tests using the following multi­
pliers for the treatments of tables 54 and 70.
Comparison Treatment
________________  local fert/100 om/100 fert/l$5 om/125
Higher, local -4 1 1 1 1
Om, inorganic 0 - 1 1  - 1 1
125,100 0 - 1 - 1  1 1
Om,fert/125,100 0 1 - 1  - 1 1
Results of the last two comparisons were nonsignificant 
for all variables in this table.
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There were no significant differences in yield due to 
the overall effects of interactions of the fertilization 
treatments with either bed height, mulching, or bed height 
and mulching. Partitioning of the interactions of the 
fertilization treatments with bed height into four ortho­
gonal comparisons suggested, however, that the mean effect 
on yield of the higher modified AVRDC rates was greater on 
the high beds in the last three harvests, as shown by. the 
following data:
Treatment Marketable Total
beds ferti­ yield yield
lization (t/ha) (t/ha)
High higher 1.37 2.36
local 0.68 1.20
Low higher 0.77 1.34local 0.94 1.49
Significance + +
There were no significant differences between high and low 
beds in the effects on yield of organic matter versus 
inorganic fertilizer use, 100# versus 125# total fertiliza­
tion level, or organic matter-total fertilization level 
Interaction.
In order to further investigate the effects of the 
fertilization treatments, differences in inherent soil 
fertility were examined. Table 72 shows that blocking 
removed the significant variation associated with organic 
matter and total N content. For K20, and pHj on
other hand, there was additional significant•variation
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TABLE 72 •
DIFFERENCES IN SOIL ORGANIC MATTER, 
MACRONUTRIENT, AND pH STATUS 


















Blocks « * *« #
Main plots NS NS * ## #
Subplots NS NS + NS NS
Error ab ab ab ab ab












blocks 0.3 0.15 3.7 93 0.2main plots 0.1 0.01 1.6 76 0.1
subplots 0.2 0.05 1.6 11 0.1
overall 0.5 0.55 18.0 270 0.9
Maximum 1.5 0.58 18.0 445 7.9Minimum 1.0 0.03 0 175 7.0
Physical analysis: 4$ sand, 24$ silt, 72$ clay.
Cation exchange capacity range: 77.2-118.7 meq/lOOg.
Percent base saturation range: 89-96$.
(Above data on physical analysis, cation exchange capacity, 
and percent base saturation based on 11 samples from 
adjacent plots in same experimental field).
a±l standard deviation based on error term used.
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among main plots in the experimental field that was not 
removed by the blocking. At the 5% level of significance, 
however, none of the additional variation was significant 
among the subplots.
The fertilization treatments resulted in highly 
significant increases in organic matter and P2°5 content, 
but N content showed a highly significant decrease. There 
was no significant change in K20 content. A large propor­
tion of the Increase in organic matter content probably 
represents measurement differences between the samples 
taken before and after the experiment, since treatments 
which did not receive organic matter also showed large 
increases in organic matter content after the experiment. 
Although the treatments with organic matter had larger 
increases than the treatments without organic matter, the 
differences in organic matter content among the treatment 
plots after the experiment were not significant. There 
were also no significant differences among treatment plots 
after the experiment in N, or K2° contents. The
following data show the differences in organic matter, N, 














before 1.13 1.19 1.25 1.13 1.06 1.15after 1.94 1.94 2.13 1.94 2.19 2.03
difference
t-test
.81 .75 .88 .81 1.13 .88*K
N 0 0before 0.19 0.14 0.19 0.16 0.15 0.16
after 0.11 0.12 0.13 0.12 0.12 0.12
difference
t-test
-0.08 -0.02 -0.06 -0.04 -0.03 -0.04*
p 2°5
before 0.8 1.0 0.7 0.8 1.0 0.8after 31.1 36.4 36.3 32.6 37.0 34.7difference
t-test
30.3 35.4 35.6 31.8 36.0 33.9##
K20 (ppm)
before 279 289 279 289 290 285
after 246 273 258 293 272 269difference
t-test - 33
- 16 - 21 4 - 22 - 16 
NS
Based on the above soil analysis results, analysis of 
covariance was performed on the yield data for the last 
three harvests and over the entire six harvests, using soil 
N, P2°5j K20, and organic matter contents before the exper­
iment as covariates. The results of the analysis of covar­
iance for differences among fertilization treatments gen­
erally paralleled the results shown in table 71. In addi­
tion, the analysis of covariance found that several of the 
mean effects of the higher modified AVHDC rates on adjusted 
marketable and total yield in both the last three harvests 
and over all six harvests were significantly greater on the 
high beds than on the low beds. The following data show 
these effects on the adjusted yields (t/ha):
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High higher 1.58 2.37 1.68 2.92
local 0.44 0.84 0.68 1.30
Low higher 0.79 1.37 1.15 2.01
local 1.06 1.67 1.35 2.18
Significance + # * «
These results suggest that the combination of high beds 
and higher fertilization rates can have a greater positive 
effect on yield than the sum of the single effects of the 
two practices. On the other hand, the results of the 
analysis of covariance did not support the hypothesis that 
the combination of high beds and organic matter N substi­
tution at the higher 125$ total fertilization rate would 
be superior to other combinations of high beds and ferti­
lization regimes.
Examination of the effects of bed height on yield 
components suggested that the use of high, wide beds 
resulted in both greater numbers of fruit and larger fruit 
size in 1978, as shown in table 73. Because of greater 
inherent variation in numbers of fruit, however, neither 
the 29$ increase in numbers of marketable fruit in the last ■ 
three harvests nor the 16$ increase for all six harvests 
were significant. Similar increases in total numbers of 
fruit were also either non-significant or significant only 
at the 10$ level of significance. In contrast, both the 
18# increase in marketable fruit size in the last three
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TABLE 73
EFFECT OF BED HEIGHT AND MULCHING

















high 35.5 68.3 42.5 82.7(1000/ha) low 27.6 50.9 37.4 69.3
Significance NS + NS • NS
Error ab ab ab ab
CV 86 70 71 57
Mulch
with 35.3 65.3 44.7 83.6
without 27.7 53.8 35.2 68.3
Significance ## ## * ##
Error c c c c




high 35 32 36 33
(g/fruit) low 30 27 22 29
Significance ** ## ** **
Error • abc abc abc ab
CV 20 14 15 15
Mulch
with 33 30 35 31without 32 29 33 30
Significance NS NS NS +
Error abc abc abc c
CV 20 14 15 10
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harvests and the 1 6% in marketable fruit size over all six 
harvests were highly significant. These results are dif­
ferent from those obtained in 1978 and suggest that under 
the conditions of greater rainfall that prevailed in the 
1979 experiment, the use of high, wide beds has positive 
effects on both yield components.
In contrast with bed height and also different from 
results in 1978, the effect of mulch on yield in the 1979 
experiment was entirely due to significantly or highly 
significantly increased numbers of fruit. Fruit size in 
1979 was affected only marginally and non-significantly 
by the use of mulch.
Examination of the effects of organic matter N 
substitution and higher fertilization rate on yield com­
ponents suggested that the two affected yield components 
differently (table 7*0- Organic matter N substitution 
tended to increase fruit production but had no effect on 
fruit size. In particular, grade A fruit production 
showed a significant 89% increase while fruit size was 
essentially constant.
In contrast, the mean effects of higher modified AVRDC 
fertilization rates on fruit production were smaller pro­
portionally than the effects of organic matter N substi­
tution and all non-significant. On the other hand, how­
ever, the higher rates resulted in a small but significant 
9% increase in marketable fruit size over all harvests, as
TABLE 74
EFFECT OF ORGANIC MATTER N SUBSTITUTION 
AND HIGHER FERTILIZATION RATE 










A B A+B cull total
Number Om 37.8 70.4 10.2 37.1 74.3 40.9 88.1of fruit Inorganic 27.3 53.3 5.4 29.5 34.9 33.9 68.9(1000/ha) Significance3 NS NS * NS + NS +
. Higher rate 32.6 61.8 7.9 33.3 41.1 37.4 78.5Local rate 27.4 50.5 5.9 29.5 35.4 30.5 65.9Significance3 NS NS NS NS NS NS NS
Error ab ab abc ab ab ab abCV 86 70 101 66 71 48 57
Fruit Om 33 30 41 32 34 28 31size Inorganic 34 30 40 34 35 29 32(g/fruit) Significance3 NS NS NS NS NS NS NS
Higher rate 33 30 40 33 34 28 31 'Local rate 30 27 39 31 31 26 28Significance3 + ** NS NS * + *
Error abc abc abc ab abc ab ab
CV 20 14 40 18 15 20 15
Significance based on tests using multipliers identical to those of note a, table 71.
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well as significant or highly significant increases of 
similar magnitude in the mean size of all fruit harvested 
in both the last three and over all six harvests.
Examination of the effects of the bed, fertilization, 
and mulching treatments on fruit quality parameters 
revealed few differences. In contrast with the 1978 
results, increased cracking was not associated with organic 
matter N substitution, and the use of mulch increased 
cracking significantly only in the third harvest. There 
was significantly or highly significantly increased inci­
dence of green shoulders and blotchy ripening in two har­
vests in plots fertilized at the higher modified AVRDC 
rates and in mulched plots, but the magnitude of the dif­
ferences was small. Because of early termination of the 
experiment, cracking did not show the marked declining 
trend that could have been expected in later harvests.
The incidence of green shoulders and blotchy ripening also 
showed little change except for the latter factor in the 
last harvest, as the following data illustrate (rating 
system Identical with that in table 64):
Quality Harvest
factor__________________ 1 2 3 4 5 6
Shape index 1.0 1.0 1.0 1.0 1.0 1.0
Green shoulder index 0.6 0.6 0.6 0.6 0.6 0.5
Blotchy ripening index 1.3 1.4 1.3 1.3 1.1 0.9
Cracking index 2.5 2.2 2.8 2.4 2.2 1.9
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Cabbage
The results of the cabbage experiments present both 
contrasts and similarities with results of the tomato 
experiments. Organic matter N substitutions are not bene­
ficial for cabbage production in the rainy season, but the 
use of high beds and mulching can have positive effects on 
rainy season cabbage yield.
Table 75 shows that the mean effect of the two organic 
matter N substitutions in 1978 was a significant or highly 
significant reduction in early yield. As a result, the 
mean marketable yield of 4.2 t/ha in the plots with organic 
matter N substitution was only 38# of the marketable yield 
of 11.2 t/ha in the plots fertilized with organic matter.
As the harvests progressed, there was a trend of 
increasing yield in the plots with organic matter N sub­
stitution, but the differences were not significant for 
marketable yield. As a result, marketable yield obtained 
during the first seven harvests (whioh accounted for 90# 
of the marketable yield of the experiment; 42# of the 
3*9 t/ha marketable yield in the last two harvests was 
from replanted heads) was greatest in the plots fertilized 
with inorganic fertilizer only. The marketable yield- of
40.4 t/ha from those plots showed a highly significant 23# 
increase over the mean marketable yield of 32.8 t/ha 
obtained from the plots with organic matter N substitu­
tions. Moreover, the marketable yield of 35*3 t/ha in the
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TABLE 75
EFFECT OF ORGANIC MATTER N SUBSTITUTION
ON MARKETABLE CABBAGE YIELD (t/ha), 1978
MPa Harvest
•— M M
1-2 3__ "I"' 5__ 6 7__ l-7b
0 3.2 8.0 10.8 8.9 4.6 3.9 40.4
25 1.5 3.1 9.0 9.6 7.5 4.5 35.350 1.4 2.4 7.5 9.4 5.5 4.0 30.3
Significance
overall + NS NS NS NS
0,25+50 * «« NS NS NS NS ##
25*50 NS NS NS NS • NS NS *
Error ab ab ab ab ab ab ab
CV 78 59 46 38 56 66 11
aMP = main plot effects: organic matter N substitution
^Totals may not add across due to the effect of missing 
values estimated by least squares.
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plots with the lower 25# rate of organic matter N substi­
tution was a significant 17% greater than the marketable 
yield of 30.3 t/ha in the plots with the higher 50# rate 
of organic matter N substitution.
In contrast to the negative effects on yield of 
organic matter use, table 76 shows that higher total 
fertilization levels resulted in small but significant 
increases in marketable yield over the seven main harvests. 
Decreasing the total fertilization level to 75# resulted 
in a significant 15$ decrease in marketable yield to
31.5 t/ha relative to the mean of 37*3 t/ha for the two 
higher fertilization levels. Moreover, increasing the 
total fertilization level to 125# resulted in a significant 
6# increase in marketable yield over the marketable yield 
at the 100# level.
These results are strikingly different from those of 
the tomato experiments. Analysis of soil nutrient content 
before the experiment indicated that all of the significant 
variation among individual soil nutrients was removed by 
the Latin Square design, as shown by the data in table 77. 
Analysis of differences in soil nutrient status in treat­
ments at the 100# level of total fertilization indicated 
that the fertilization treatments at that level resulted 
in a highly significant increase in Po0,- content and a 
significant increase in K20 content. The increase in 
organic matter was significant only at the 10# level of
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TABLE 76
EFFECT OF TOTAL FERTILIZATION LEVEL
ON MARKETABLE CABBAGE YIELD (t/ha), 1978
SPa Harvest
■
1-2 3__ 4 5 6 7__ 1-7”
75 1.5 3.5 6.9 8.2 6.6 3.9 31.5100 2.3 5.2 8.7 10.4 5.2 4.3 36.1
125 2.3 4.9 11.8 9.3 5.9 4.2 38.4
Significance
overall NS NS + NS NS NS *
125, 100 NS NS * NS NS NS *
100,75 NS NS NS NS NS NS *Error ab NS ab ab ab ab ab
CV 78 59 46 38 56 66 11
aSP = subplot effects: total fertilization (%).
^Totals may not add across due to the effect of missing 
values estimated by least squares.
TABLE 77
DIFFERENCES IN SOIL ORGANIC MATTER, 
MACRONUTRIENT, SECONDARY ELEMENT, AND pH STATUS 


























Columns NS + NS «* «ft + «ft
Rows » * NS NS NS NS NS
Main plots NS NS NS NS NS NS NS
Subplots NS NS NS NS NS NS NS
Error ab ab ab ab ab ab ab
CV 5 4 19 17 15 11 1





±0.07 ± 0.01 ±2.1 ±29 ±0.08
Range
columns 0.06 <0.01 1.7 14.8 924 30 0.15
rows 0.09 < 0.01 0.8 4.5 . 439 18 0.06
main plots 0.04 <0.01 1.8 3.3 512 23 0.05
subplots 0.02 <0.01 0.8 3.9 29 5 0.05
overall 0.29 < 0.01 9.1 29.4 1694 145 0.35
Maximum 1.59 0.09 14.8 50.0 4783 358 8.27
Minimum 1.30 0.07 5.7 20.6 2089 213 7.92
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significance. There was no significant change in soil 
N, as the following data show:
Nutrient Organic matter N substitution (%)
0 25 50 overall
Organic matter
0 0
before 1.44 1.41 1.53 1.46after 1.118 1.63 1.54 1.55
difference 0.04 0.22 0.01 0.09
t-test +
N 0 0
before 0.08 0.08 0.08 0.08
after 0.08 0.09 0.08 0.08 -
difference < 0.01 0.01 <0.01 0.01
t-test NS
P2O5 Cppm)
before 11.0 11.1 11.3 11.1after 21.1 39.6 32.6 31.8
difference 10.1 28.5 21.3 20.7
t-test
K2O (ppm)
before 33.6 30.1 32.5 32.1
after 46.1 40.7 39.3 42.0difference 12.5 10.6 6.8 10.1t-test *
Because of small sample size, the differences in
P2O5 content among organic matter N substitution treatments
*
were not significant. Nevertheless, the larger increases 
in ^2^5 conten"fc in the plots receiving organic matter sug­
gest that the primary effect on soil fertility status of 
the application of organic matter was to increase ^2^5 
content.
Organic matter N substitutions were made based on the 
hypothesis that the organic matter would supply the pre­
dicted portions of the nutrient requirements at each
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fertilization level. The above data indicate, however, 
that the hypothesis did not hold for at least one nutrient 
needed by the cabbage crop. An alternate hypothesis is 
that the organic matter supplied no N to the crop. Under 
this hypothesis, actual total N fertilization levels for 
both the three organic matter treatments and the three 
original total fertilization treatments would be means of 
the inorganic N applied at each respective treatment level. 
The following figures show that the three means thus 
derived for the three organic matter treatments are identi­
cal to the three means for the three total fertilization 
treatments (all figures represent percentages of 1978 
recommended N; refer to chapter 7, table 52, for details):
Organic Actual inorganic Mean
matter N applied at total N
original total fertiliza­
fertilization level. of tion
75 100 125 rate
0 75 100 125 100
25 50 75 100 7550 25 50 75 50





Comparison of the marketable yields for the seven 
main harvests indicates a very close correspondence between 
the above two sets of means:
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Mean Yield (t/ha) based on
total N organic total
fertili- matter fertilization
zation treat- level





Clearly, the data fit the above model much better than 
they did the original model. The question then is how can 
we reconcile the seemingly conflicting results of the 1978 
cabbage and tomato fertilization experiments. One possible 
Interpretation lies in the differences between the two 
crops in nutrient requirements and modes of nutrient uptake. 
Tomato is a deep-rooted crop which requires higher amounts 
of P2°5 than of N for maximum fruit production. In fact, 
N/P20^ ratios as high as 1:4 may be recommended on heavier 
soils. In contrast, cabbage is a shallow-rooted crop with 
high N and K20 requirements (ll4).
In both experiments, the organic matter and basal 
inorganic fertilizer were applied in furrows which were 
subsequently covered for bed formation, as described in 
chapter 7. The calculation of estimated P2°5 availability 
from the organic matter indicated that the organic matter 
would supply P2°5 excess of the requirements of either 
crop. The roots of the tomato crop were able to grow down 
into the organic matter placement zone and take up second.* 
ary othophosphate ions (which would predominate under the
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alkaline soil conditions of the experiment (115)), as well 
as ammonium, nitrate, and potassium ions as decomposition 
of the organic matter progressed, before soluble ions 
(especially nitrate) were lost by leaching. Thus, it is 
reasonable to interpret the tomato yield data as indicating 
that the availability of all three macronutrients was 
increased under rainy conditions through the use of organic 
matter, resulting in earlier tomato yield.
In contrast, the cabbage roots could not grow down 
into the organic matter placement zone, but with a lower 
P20[j requirement, the cabbage crop was not adversely 
affected by the deeper P2°5 placement. The cabbage yield 
response was primarily a response to N supplied by the 
three sidedressings in proportions identical to those of 
the mean total N fertilization rates of 50, 75, and 100$. 
Each sidedressing was applied near the roots by opening 
the soil with a hand trowel, placing in the ammonium 
sulfate (mixed with muriate of potash in the first side- 
dressing only), and then closing the opening. Thus, the 
nitrogen was placed where the shallow roots could take it 
up rapidly with minimum losses due to leaching.
Plant density at first harvest was approximately 32,900 
plants/ha. The coefficient of variation was only 3%9 indi­
cating that plant density at first harvest was highly uni­
form. The low coefficient of variation did, however, 
result in detection of a 1,100 plant/ha difference among
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subplot treatments as significant. Of the 32,900 plants/ha 
at first harvest, 7#, or approximately 2,200 plants/ha, 
were plants that had been replanted in mid-September to 
replace plants which had died after the initial August 
planting. Thus, without replanting, plant survival would 
have been approximately 92# of the original plant density 
of 33,333 plants/ha. There were no significant differences 
among treatments in the numbers or percentages of replanted 
plants (analysis of the latter was performed after square 
root transformation of the original decimal fractions).
Analysis of yield components in the individual har­
vests indicated that mean head weight was significantly 
affected by the organic matter N substitution treatments 
in two harvests, but that the magnitude of the significant 
effects was small. Table 78a shows there were significant 
differences among main plots in the first harvest, but the 
actual differences were much smaller proportionally than 
the differences in usable volume. In the fifth harvest, in 
which there were no significant differences in yield, mean 
head weight was significantly greater in the plots without 
organic matter. On the other hand, usable volume was 
greater in the plots with organic matter in this harvest, 
although the latter difference was not significant.
In contrast with the effects on mean head weight, 
table .78 ■ shows that the magnitude of the significant dif­
ferences in numbers of usable heads harvested from the
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TABLE 78
EFFECT OF ORGANIC MATTER N SUBSTITUTION
ON CABBAGE YIELD COMPONENTS, 1978
Characteristic MPa Harvest 1-2 3__ 4 5__ 6 1-7
Head weight 0 1.1 1.2 1.5 1.4 1.1 1.3(kg) 25 0.9 1.2 1.4 1.2 1.2 1.250 1.0 1.1 1.4 1.2 1.2 1.1
Significance * NS NS * NS
CVb 10 13 10 11 17 5
Usable 0 3.0 6.6 7.3 6.4 4.7 31.9volume 25 1.6 2.7 6.3 8.1 6.3 29.4(1000
heads/ha)
50 1.5 2.1 5.4 8.1 5.2 26.8
Significance
overall NS NS NS NS #
0,25+50 # ** NS NS NS NEC
25,5° NS NS NS NS NS NS
CVb 77 56 45 38 44 11
aMP = main plot effects: organic matter N substitution (%).
DA11 error terms were pooled ab errors. 
cNon-estimable.
3M2
main plots was quite large. The number of usable heads 
harvested from plots without organic matter was signifi­
cantly or highly significantly greater than the number 
harvested from plots with partial organic matter N substi­
tution in the first three harvests. These effects closely 
parallel the observed yield differences in these harvests 
and indicate that yield was determined primarily by usable 
volume.
Over the entire main harvest period, there were 
significant differences among organic matter treatments 
both in mean head weight and usable volume. Since there 
were no significant differences in plant density at initial 
harvest, the differences in usable volume reflect differ­
ences in the number of harvestable heads during the harvest 
period. In terms of the alternate hypothesis that total N 
fertilization of the cabbage crop in this experiment was 
determined solely by the inorganic fertilizer N level, 
these results indicate that higher N fertilization results 
in more usable heads of larger size.
Table 79 shows that total fertilization level simi­
larly had significant but small effects on mean head weight. 
The trends of larger differences in usable volume closely 
paralleled the observed differences in yield but were all 
non-significant at the 5% level of significance. Over the 
entire main harvest period, only the differences in mean 
head weight had statistical significance.
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TABLE 79
EFFECT OF TOTAL FERTILIZATION LEVEL
ON CABBAGE YIELD COMPONENTS, 1978
Characteristic SPa Harvest
1-2 3 4__ 5__ 6__ l-t
Head weight 75 1.0 1.1 1.1 1.2 1.1 1.1(kg) 100 1.0 1.2 1.2 1.3 1.2 1.2
125 1.0 1.2 1.2 1.3 1.2 1.3
Significance NS NS # K NS **
CVb 10 13 10 11 17 5
Usable 75 1.5 3.1 5.4 7.6 6.6 28.4volume 100 2.3 4.4 5.9 7.8 4.4 29.5(1000
heads/ha) 125
2.2 4.0 7.7 7.2 5.1 30.1
Significance
overall NS NS NS NS NS NS
125, 100 NS NS NS NS NS NS
75,100 NS NS NS NS + NS
CVb 77 56 45 38 44 11
aSP = subplot effects: total fertilization level (%)
bAll error terms were pooled ab errors.
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Analyses of the mean shape index (defined as equa­
torial diameter divided by polar diameter) and mean numbers 
of non-wrapper leaves per single head indicated that these 
characteristics were essentially constant throughout the 
experiment, as shown by the following data:
Characteristic Harvest _ _____
1-2 3 4 5 6
Shape index 1.6 1.7 1.7 1.6 1.7
Non-wrapper leaves 13 12 11 10 10
There were no significant differences among fertilization 
treatments in shape index in any harvest. The numbers of 
non-wrapper leaves were also not meaningfully affected by 
the fertilization treatments. All differences among the 
fertilization treatments were non-significant except for 
a significant difference among subplots of one leaf per 
head in the fourth harvest.
The results of the 1978 cabbage bed management experi­
ment indicated that the use of high beds resulted in ear­
lier yields. This effect was greater in the August plant­
ing, which was subjected to heavier rainfall than the 
September planting.
Comparisons of the overall yields from both plantings 
indicated that there was a highly significant difference 
in marketable yield between the two planting dates, with 
the mean marketable yield of 46.7 t/ha in the September 
planting 29# greater than the marketable yield of 36.0 t/ha
345
in the August planting. In addition, there were also 
differences in uniformity of maturity between the two 
plantings. In the later planting, only three harvests 
were required to harvest 98$ of the entire marketable 
yield, and nearly half, 44$, of the marketable yield was 
harvested in the peak harvest. In contrast, in the ear­
lier planting, the harvest period was spread out over a 
considerable longer period of time, with 17$ of the entire 
marketable yield harvested in the first three harvests,
18$ in the fourth harvest, 31% in the peak fifth harvest, 
another 27$ in the sixth harvest, and 11$ in the last 
three harvests.
There were no significant differences in overall 
marketable yield due to the interaction between planting 
date and bed height. On the other hand, however, separate 
analyses of each harvest for each planting date revealed 
considerable significant differences in yield between high 
and low beds. Table 80 shows that in the August planting, 
marketable yield in the first four harvests was signifi­
cantly higher on the high beds. The high bed marketable 
yield of 16.8 t/ha in those four harvests was 105%, or more 
than double, the low bed marketable yield of 8.2 t/ha. As 
a result, 45$ of the overall high bed marketable yield in 
the early planting was harvested by November 7, whereas 
only 24$ of the overall low bed marketable yield was har­
vested by then.
TABLE 80
EFFECT OF BED HEIGHT AND MULCHING 
ON MARKETABLE YIELD (t/ha) OF CABBAGE 
PLANTED IN AUGUST, 1978
Characteristic SPC SSP1 Harvest Total
1-3 ~4 5 6 7-9
Yield H 8.1 8.7 10.7 8.2 3.1 37.7L 4.3 3.9 11.5 11.2 4.7 34.3
0 6.9 5.8 7.3 11.8 3.3 34.71 7.1 7.8 9.7 8.3 4.9 37.92 4.5 5.2 16.4 8.9 3.5 38.2
Significance SP * * NS * NS NSSSP overall NS NS * + NS NS
0,+ NS NS * * NS NS
1,2 NS NS * NS NS NSSP*SSP NS NS NS ** NS NS
Error be be be be be be
88 105 70 43 98 23
fsp = subplot effects: bed height. H = high, L = low
DSSP = sub-subplot effects: mulching. 0 = none 9 1 = thin, 2 = thick.cHarvest dates:
1-3 = October 16-30.
4 = November 7.
5 = November 13*
6 = November 21.
7-9 = November 29-December 15.
^Totals may not add across due to missing values estimated by least squares,
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Delayed maturity on the low beds was also evidenced 
In the later harvests. There was no significant yield 
difference between beds In the fifth harvest, but in the 
sixth harvest, marketable yield was significantly greater 
on the low beds than on the high beds.
The data in table 80 also suggest that in the early
planting a thin mulch resulted in the earliest yield, no
mulch resulted in the latest yield, and a thick mulch 
resulted in intermediate yield maturity. The apparently 
higher yield in thin mulch plots in the first four harvests 
was not significant, but the difference between the mean 
marketable yield of 13.1 t/ha in both types of mulched 
plots and the marketable yield of 7.3 t/ha in unmulched 
plots was significant in the fifth harvest. Moreover, the 
difference between the marketable yield of 16.4 t/ha in the 
plots with thick mulch and the marketable yield of 9.7 t/ha 
in the plots with thin mulch in this harvest was also sig­
nificant. In contrast, in the sixth harvest, the market­
able yield of 11.8 t/ha in the unmulched plots was signi­
ficantly greater than the mean marketable yield of 8.6 t/ha 
in the mulched plots.
Table 8l shows that the effect of high beds was consi­
derably less in the later September planting. In fact, the 
significant 54% increase in marketable yield in the first 
of the late harvests is somewhat surprising in light of the 
fact that only 115 mm of rain fell prior to the first
TABLE 81
EFFECT OF BED HEIGHT AND MULCHING 
ON MARKETABLE YIELD (t/ha) OF CABBAGE 
PLANTED IN SEPTEMBER, 1978
Characteristic SP SSP Harvest0 _________________  Total
1 2 3 4__
Yield H 13.9 18.6 12.4 1.1 46.0L 9.0 21.9 15.7 0.5 47.1
0 9.7 20.9 14.9 0.9 46.41 11.2 21.4 13.1 0.9 46.62 13. ̂ 18.4 14.1 0.7 46.7
Significance SP * NS + NS NSSSP overall NS NS NS NS NS0,+ NS NS NS NS NS1,2 NS NS NS NS NSSP*SSP NS NS # NS NS
Error be be be be beCV
^SP = subplot effects: bed height. H
57




USSP = sub-subplot effects: 
cHarvest dates: mulching. 0 = none, 1 = thin, 2 = thick.
1 = November 21.
2 = November 29.
3 = December 7*
4 = December 15.
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harvest after the September planting (compared with 433 mm 
between planting and the first harvest of the beds planted 
in August). On the other hand, there were no significant 
differences in yield from the later planting between plots 
with and without mulching.
Analysis of plant density at the start of the harvest
period revealed that there was a significant difference 
between the two plantings. In the late planting, initial 
harvest plant density was approximately 33,000 plants/ha. 
This means that essentially all of the original 33,333 
plants/ha survived until harvest. In the early planting, 
however, initial harvest plant density was 28,500 plants/ha, 
Indicating that approximately 17% of the plants planted In 
August failed to survive until the start of the harvest 
period. On the other hand, however, there were no signifi­
cant differences in plant density at the start of the har­
vest period between high and low beds in either planting 
or in bed-planting date interaction. The following data
*
show the plant densities (1000 plants/ha) at harvest for 
high and low beds in each planting:












Analysis of yield components in the Individual harvests 
*
indicated that there were no significant differences in mean
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head weight among any of the treatments. Coefficients 
of variation for mean head weight in the harvests in which 
there were differences in marketable yield were all low, 
as shown in table 82, indicating that mean head weight was 
highly uniform in each harvest.
On the other hand, table 82 shows that there were 
significant differences in numbers of usable heads har­
vested, in spite of much higher coefficients of variation 
for this variable. The number of usable heads was signi­
ficantly greater on the high beds in the Initial four early 
planting harvests and the first late planting harvest. In 
particular, high bed usable volume in the first early 
planting harvest was nearly double low bed usable volume. 
Reflecting delayed maturity on the low beds, in the sixth 
early planting harvest, low bed usable volume was greater 
than high bed usable volume, although the difference was 
significant only at the 10# level of significance. These 
differences between high and low bed usable volume thus 
parallel the differences in marketable yield observed in 
table 80.
Similarly, usable volume in mulched plots was signi­
ficantly greater than in unmulched plots in the fifth early 
bed harvest, whereas conversely it was greater in the 
unmulched plots in the succeeding sixth harvest. The lat­
ter difference was, however, significant only at the 10# 
level of significance. These differences also closely
TABLE 82
EFFECT OF BED HEIGHT AND MULCH
ON CABBAGE YIELD COMPONENTS, 1978
Characteristic Early
  1=3 4 5
Mean head weight (kg) 1.3 1.6 1.6




high 6.0 5.4 6.5
low 3.3 2.5 6.7
significance * X NS
mulchc
0 5.2 3.8 4.6
1 5.4 4.8 6.32
significance
3.3 3.3 9.0
overall NS NS X
0,+ NS NS X
1,2 NS NS NS
CVb 142 65 94
NC = Not calculated.
aCV for residual only shown.
bAll error terms were pooled ab errors except
cSymbols identical to those in tables 80 and
Late
6__ "i _ r 1__ 2 3 4
1.2 NC 1.5 1.5 1.2 NC
35 NC 15 17 25 NC
7.2 29.0 8.8 12.1 10.1 33.19.4 28.8 6.0 14.3 13-2 34.9+ NS X NS NS NS
9.8 29.4 6.5 13.8 12.1 33.8
7.3 30.2 7.3 14.0 11.7 35.0
7.9 27.1 8.3 11.9 11.3 33.1
+ NS NS NS NS NS
+ NS NS NS NS NS
NS NS NS NS NS NS
106 19 50 39 57 18
for late harvests 1-4, 351
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parallel the differences among mulch treatments In market­
able yield.
Overall, however, there were no significant differ­
ences In usable volume among treatments over the entire 
harvest period. This parallels the absence of significant 
differences in marketable yield over the entire harvest 
period. Prom these data, we can therefore conclude that 
the observed differences in marketable yield in individual 
harvests were all due to differences in relative maturity: 
earlier on high beds in both plantings and in mulched plots 
in the early planting, and later on low beds in both plant­
ings and in unmulched plots in the early planting.
Analyses of the mean shape index (as previously 
defined) and mean numbers of non-wrapper leaves indicated 
that these characteristics were essentially constant for 
both plantings:





There were no significant differences in mean shape index 
among treatments in any harvest in either planting. The 
two significant differences in numbers of non-wrapper
Early planting harvest






leaves showed no meaningful trend and involved differences 
of one leaf per head only (among mulching treatments in the 
sixth early planting harvest and between high and low beds 
in the third late planting harvest).
Results of the 1979 cabbage experiment confirmed the 
positive effects on yield of higher beds that were apparent 
in the early harvests of the August planting of the 1978 
experiment. Table 83 shows that the use of semi-high beds 
resulted in a 74$ increase in marketable yield to 27.2 t/ha 
versus 15.6 t/ha on the low beds. This difference was not 
statistically significant, however, because of the low 
precision of main plot comparisons. Error a, with a coef­
ficient of variation of 140$, was significantly greater 
than the subplot error term, with a coefficient of vari­
ation of only 27$. As a result, error a could not be 
pooled with error b to increase degrees of freedom and 
precision of the main plot comparison. Only in the fourth 
harvest did the experiment detect significance (at the 1% 
level) in the yield differences between the semi-high and 
low beds.
In contrast, table 83 shows that the use of mulch 
applied after planting resulted in a smaller 33$ increase 
in marketable yield to 24.5 t/ha relative to 18.4 t/ha in 
unmulched plots. Because of the lower coefficient of vari­
ation and consequent higher precision of sub-subplot com­
parisons, however, this difference was highly significant.
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TABLE 83
EFFECT OF BED HEIGHT AND MULCH
ON MARKETABLE CABBAGE YIELD (t/ha), 1979
Characteristic Harvest
1 2__ 3__ T l 5__ _  g - - - 1-6
Bedsa
SH 0.3 9.6 6.7 8.7 1.6 0.3 27.2
L 0.2 5.5 3.6 4.3 1.7 0.4 15.6
Significance NS NS NS «* NS NS NS
Error abc a a ab abc abc a
CV 345 101 303 74 107 168 140
Mulchb
1 0.5 9-9 6.3 6.0 1.5 0.3 24.5
0 0 5.2 4.0 7.0 1.8 0.4 18.4
Significance * ## ** NS NS NS **
Mulch-bed
interaction
NS * NS NS NS *
Error abc be be c abc abc be
CV 345 52 72 38 107 168 24
aSH = semi-high, L = low. 
bl = mulched, 0 = unmulched.
Table 83 also indicates, however, that the use of 
mulch did not have the same effects on the semi-high and 
the low beds. Table 84 shows the differences in marketable 
yields among the four bed height and mulching treatment 
combinations: mulched semi-high, unmulched semi-high,
mulched low, and unmulched low. Means separation by 
Tukey’s w or Honestly Significant Difference (HSD) pro­
cedure indicated that the differences between the market­
able yield of 31*7 t/ha on the mulched semi-high beds and 
the yields on unmulched semi-high beds, mulched low beds, 
and unmulched low beds were highly significant. The dif­
ference between unmulched semi-high and mulched low beds 
was also significant, but only at the 5# level of signi­
ficance, and the difference between mulched and unmulched 
low beds was not significant. Thus, in comparison with the 
mean of 15.6 t/ha on both mulched and unmulched low beds, 
the use of mulched semi-high resulted in a 68# increase in 
marketable yield. Without mulching, the use of semi-high 
beds resulted in only a 46# increase in marketable yield 
over the'low bed mean.
Examination of the effects of bed height and mulch on 
yield components indicated that plant survival before the 
first harvest was not a major factor in explaining the 
above differences in marketable yield. Mean plant density 
at initial harvest was approximately 31,700 plants/ha, indi­
cating that nearly all of the originally-planted 33,333
TABLE 84
EFFECT OF INTERACTION OF BED HEIGHT
AND MULCH ON MARKETABLE CABBAGE YIELD (t/ha), 1979a




SH 1 0.6 12.7 8.9 7.9 1.3 0.3 31.7 A A
0 0 6.5 4.6 9.5 1.9 0.2 22.8 B B
SH Difference 0.6 6.2 4.3 -1.6 -0.6 0.1 8.9
L 1 0.4 7.0 3.8 4.0 1.7 0.4 17’3 15.6 C BC
0 0 4.0 3.5 4.5 1.6 0.4 14.0 C C
L Difference 0.4 3.0 0.3 -0.5 -0.1 0 3.3
HSD.05 NC 3.8 3.6 NC NC NC 4.4
HSD.oi NC 4.7 4.4 NC NC NC 5.5
aNC: Individual analyses not done because overall interaction was not significant.
Symbols for bed and mulch treatments identical to those in table 83.
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plants/ha survived until first harvest. Differences in 
plant density at initial harvest among treatments were all 
small and non-significant.
The data in table 85 suggest that increased mean head 
weight contributed more to the yield increases on semi-high 
beds than did increased volume of marketable heads. The 
error terms for main plot comparisons for both yield com­
ponents over the six harvests as a whole and in each of 
the three main harvests that accounted for 90% of the total 
marketable yield all had high coefficients of variation, 
however, and were significantly different from errors b and 
c. As a result, neither the 5^% increase in mean head size 
(based on actual heads harvested) from 0.7 to 1.0 kg/head 
nor the 27% increase in total usable volume from 20,500 
heads/ha to 26,100 heads/ha were significant.
In contrast with bed height, the effects of mulch on 
both yield components were highly significant, reflecting 
the lower coefficients of variation of error terms and 
consequent greater precision of sub-subplot comparisons. 
Nevertheless, mulch did not affect both yield components 
equally. In contrast with bed height, the effect of mulch 
was primarily to increase total usable volume by 21$, from 
21,000 to 25,500 heads/ha. Moreover, this increase was 
associated with earlier yield on mulched plots. In the 
second harvest, usable volume on the mulched plots showed 
a highly significant increase over that on unmulched
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TABLE 85
EFFECT OF BED HEIGHT AND MULCH





head weight Usable volume 
(1000 heads/ha)
Harvest 2__ 3 4__ 1-6 2 3 T __ 1-6
Beds
SH 1.1 1.1 1.1 1.0 8.5 6.1 8.1 26.1L 0.9 0.8 0.8 0.7 6.1 4.1 5.1 20.5significance NS NS NS NS NS NS NS NS
Error a a a a a a a aCV 44 42 44 75 126 280 101 33
Mulch
1 1.1 1.0 1.0 0.9 9.3 5.7 6.0 25.50 1.0 0.9 1.0 0.8 5.3 4.5 7.1 21.0significance ** * NS K* ## NS + K*
Interaction 
bed mulch 
SH 1 1.2 1.1 1.1 1.1 10.9 7.6 7.3 29.2SH 0 1.0 1.0 1.1 1.0 6.1 4.5 8.8 23.0L 1 0.9 0.9 0.9. 0.7 7.7 3.8 4.7 21.9L 0 0.8 0.8 0.8 0.6 4.4 4.4 5.4 19.1
significance NS NS NS NS NS K NS NS
Error c be c be be be c be
CV 9 18 14 16 51 66 36 18
aSymbols for bed and mulch, treatments Identical to those 
in table 83.
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plots. By the fourth harvest, however, volume on the 
unmulched plots was actually greater, reflecting delayed 
maturity in the unmulched plots.
Mulch also resulted in a proportionally smaller 10$ 
increase in mean head size from 0.8 to 0.9 kg/head. This 
increase also was not uniform over the three main harvests, 
but instead affected the early maturing heads more.
The use of mulch increased total volume more on semi- 
high beds, 27$, than on low beds, only 12$. This inter­
action was non-significant, but an increase in replication 
from 3 to 4 would have enabled the pooled error be to 
detect the interaction at the 5% level of significance.
On the other hand, the use of mulch increased head size 
by similar percentages on both semi-high, 10$, and low,
8$, beds. Thus, the primary cause of the greater increase 
in marketable yield due to mulch on semi-high beds was 
increased volume, reflecting better plant survival during 
the harvest period.
The improved survival on semi-high mulched beds was 
particularly evident in the fourth harvest. In that har­
vest, the interaction between beds and mulching was signi­
ficant. Usable volume was 20$ greater on mulched semi-high 
beds than on unmulched semi-high beds. On the other hand, 
usable volume was actually 17# less on mulched low beds 
than on unmulched low beds.
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Neither bed height nor mulch affected mean shape index 
significantly. Mean shape index was a constant 1.2 in the 
three main harvests 2-4 as well as in the fifth harvest.
In comparison with the 1978 cabbage experiments, both mean 
head weight and mean shape index were lower in 1979* This 
indicates that under conditions of high rainfall, lateral 
head expansion along the equatorial axis of the cultivar 
1KK’ decreases more than does vertical expansion along the 
polar axis. The result is rounder, smaller heads, in con­
trast with flatter large heads under conditions of less 
rainfall.
The mean number of non-wrapper leaves showed a slight 
decreasing trend over the four harvests for which suffi­
cient data on this characteristic was available for analy­
sis. There was also evidence that the number of non- 
wrapper leaves was significantly greater in mulched plots, 
although the differences involved only one or two leaves 
per head:
Characteristic Harvest
2_ 3 4 5_
Mulched 11 9 8 9
Unmulched 10 8 7 7
Significance *x + + ##
Heads harvested from semi-high beds also had one more non­
wrapper leaf per head than did heads from low beds, but the 
differences were significant only at the 10# level in two 
harvests. It is nevertheless reasonable to interpret both
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trends as additional evidence of the improved cabbage 
growth associated with mulch and higher beds.
In contrast with results in 1978, there were no 
significant differences in marketable yield among fertili­
zation treatments in 1979. The following data show that 
yields (in t/ha) were essentially the same in all treat­
ments (treatment designations identical to those used for 
tomato in table 70; see chapter 7 and table 56 for details 
of the actual cabbage fertilization rates):
Local Pert/ Om/ Pert/ Om/
  100 100 125 125
22.6 21.8 19.5 20.8 22.4
Comparison of the data in tables 77 and 86 shows that 
the organic matter and total N contents in the Bontog clay 
loam soil before the 1979 experiment were comparable to 
the organic matter and total N contents of the AVRDC soil 
before the 1978 experiment. The data in table 86 also show 
that all significant differences in individual nutrient 
contents were removed by the blocking used in the 1979 
experiment.
Results of the analysis of soil samples taken after 
the 1979 cabbage experiment indicated that the fertiliza­
tion treatments resulted in highly significant increases in 




DIFFERENCES IN SOIL ORGANIC MATTER, 
MACRONUTRIENT, AND pH STATUS 


















Blocks ## NS NS Ktt **
Main plots NS NS NS NS NS
Subplots NS NS NS NS NS
Errora ab ab a,b ab ab
CVa 18 18 56,25 22 3
Meanb 1.35 0.09 10.8 334 7.3
±0.23 ±0.02 ±2.7 ±77 ±0.2
Range
blocks 0.5 0.01 8.1 136 Q . 8
main plots 0.1 0.01 1.2 • 25 0.1subplots 0.1 0.02 1*3 7 0.4
overall 1.0 0.05 5*0 370 1.3
Maximum 2.0 0.11 9*0 445 7.8
Minimum 1.0 0.06 4.0 175 6.5
Physical analysis: 1# sand, 25# silt, 75# clay.
Cation exchange capacity range: 90.6 - 115*5 meq/100 g
soil.
Percent base saturation range: 93 - 95#.
(Above data on physical analysis, cation exchange capacity, 
and percent base saturation based on 3 samples, one from 
each block.)
aWhere two error terms and CV's are shown, the first refer 
to block and main plot comparisons and the second to sub­
plot comparisons.
b±l standard deviation based on error term used.
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Much of the above apparent large increase in soil
organic matter probably represents differences in measure­
ment of the samples before and after the experiment, since 
treatments which did not receive organic matter also had 
increased organic matter contents after the experiment.
The large decrease in K^O content also appears to be unex­
plainable except as a result of measurement differences 
before and after the experiment.
On the other hand, the apparent increase in soil P2O5 
is logical, since all treatments did receive P2°5 fertili­
zation through either inorganic or organic amendments. In 
addition, whereas there were no significant differences
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among subplot treatments in soil P20^ before the experiment, 
differences among the treatments after the experiment were 
highly significant. Moreover, partition of the sum of 
squares into four orthogonal comparisons using multipliers 
identical to those of table 71, note a, indicated that the 
mean P2°5 contents of "the two treatments at higher ferti­
lization levels with organic matter (treatments om/100 and 
om/125) was highly significantly greater than the mean
content of the two treatments at high fertilization 
levels without organic matter (treatments fert/100 and 
fert/125). Since calculation of estimated P2°5 availa“ 
bility from the organic matter according to the procedure 
outlined in chapter 7 indicated that the pig manure amend­
ments would supply an excess, of P20^ above crop require­
ments, these data suggest that the primary effect of the 
1979 organic matter amendments was to increase soil P2°5 
content during the cropping period. These results thus 
parallel the results of the analysis of the changes in soil 
nutrient content in the 1978 cabbage organic matter experi­
ment, which suggested that the primary effect of the organ­
ic matter amendments in that experiment also was on soil 
P20^ content.
The lack of significant differences in yield among 
the fertilization treatments in 1979 thus appears to be 
different from the results of the 1978 cabbage organic 
matter experiment, especially in light of the above
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comparison of effects on soil nutrient status. The results 
of the two experiments are not, however, directly compara­
ble since different rates of actual nutrient application 
were used to determine the 100$ total fertilization rate 
in each year, as explained in chapter 7 and table 53. In 
order to compare the two experiments, it is necessary 
therefore to examine the actual amounts of N applied. In 
addition, to facilitate this comparison, it is desirable 
to use a common reference for total N fertilization level. 
Using the 1978 100$ total N fertilization rate of 300 kg/ha 
as the common reference, the relationships of the actual 
amounts of N applied in the two experiments can be 
expressed in the following unified matrix:
N Inorganic N (kg/ha) applied
supplied to achieve total N fertilization
by level of:___________________________
om 50$ Ef% 75$ &3$ 100? 125$
(kg/ha) ____  ____  ___  ____  ____  ____
0 150* 200* 225 250* 300 375
25
50 150* 200*
75 150 225 300
100 
125
150  75 150 225
1978 means 150 225 300.
In this matrix, the amounts of N which it was origi­
nally hypothesized that the organic matter would supply 
based on the literature discussed in chapter 7 are shown 
in the right-hand column, increasing downward in increments
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of 25 kg/ha of N. In each successive total fertilization 
level column, the amount of inorganic N required to achieve 
the respective total fertilization level at the top of the 
column decreases by 25 kg/ha with each 25 kg/ha increment 
of organic matter N, in accordance with the original organ­
ic matter N substitution hypothesis. For simplicity of 
presentation, however, only the elements in the matrix 
which were actually used as treatments in 1978 and 1979 
are shown (elements without asterisks represent the nine 
1978 treatments and elements with asterisks represent the 
five 1979 treatments).
The above unified matrix shows that the treatments 
in the 1979 experiment covered a much smaller range of 
possible N applications than did the 1978 treatments. It 
will be recalled from chapter 7 that the organic matter 
N substitutions in the 1979 experiment were made at the 
25$ level relative to 100$ of the 1979 N rate of 200 kg/ha 
(50 kg/ha of organic matter N in the unified matrix). This 
was done, as explained in chapter 7, because the N content 
of the pig manure available at Dingras (0.45$) was consi­
derably lower than that of the pig manure used in 1978 
(1.84$), thus requiring four times as much weight of 
organic matter to obtain equivalent amounts of N. This in 
turn points out a major difficulty in using organic matter: 
great variability in nutrient content.
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Furthermore, as we have seen, the results of the 1978 
experiment indicated that the alternate hypothesis that 
cabbage yield was determined by solely inorganic N ferti­
lization fit the actual yield data closely, whereas the 
original hypothesis of organic matter N substitution did 
not. The unified matrix shows that the five 1979 treat­
ments covered a range of actual inorganic N application of 
150 to 250 kg/ha. In the 1978 experiments, significance 
was found at the 5% level in the difference between the 
mean yield of the three treatments at the 75# level of 
total fertilization, which were fertilized with a mean of 
150 kg/ha of inorganic fertilizer N, and the mean yield of 
the three treatments at the 100# level of total fertiliza­
tion, which were fertilized with a mean of 225 kg/ha of > 
inorganic fertilizer N. Thus, in comparison with 1978 
results, the 1979 experiment resulted in smaller, non­
significant yield differences over the above comparable 
range of inorganic N fertilization.
Overall, the 1979 mean yield of 21.4 t/ha was consi­
derably lower than the mean yield of 35.1 t/ha in the seven 
main harvests of the 1978 organic matter experiment. This 
in turn probably reflects the greater precipitation from 
planting to initial harvest in 1979* 844 mm, than In 1978, 
454 mm. Although, as we have seen, higher beds and mulch­
ing were beneficial in mitigating the depressing effects 
on yield of high rainfall In 1979, it is likely that the 
overall decreased yield levels were responsible for the
lack of response to increased N fertilization in 1979. 
Nevertheless, the lack of a positive response to the organ­
ic matter N substitutions in 1979 is consistent with the 
conclusion reached after the 1978 experiment that such 
substitutions do not increase cabbage yield during the 
rainy season because the deeper placement of organic matter 
makes the N released from the organic matter essentially 
unavailable to the shallow-rooted cabbage plants.
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Mungbean
The results of the mungbean experiments provided no 
evidence that high beds or organic matter N substitution 
resulted in greater yield in the rainy season. There was, 
however, some evidence that the use of mulch could increase 
yields, but the results were not uniform over the two years.
In the 1978 bed management experiment, no significant 
differences were found in total shelled yield (after adjust­
ment for differences in moisture content) among bed types 
or mulching treatments, as shown by the data in table 87.
In addition, although not shown in the table, there were 
also no significant interactions among bed types and mulch­
ing treatments. All treatments produced high yields of 
approximately 1.1 to 1.3 t/ha.
There was, however, some evidence at the 10# level 
of significance that maturity was delayed to some degree • 
approximately one week on the high beds. The data in the 
first harvest suggest that yield was highest on the low, 
narrow beds (which at 21 cm were the lowest in height of 
all four bed types), lowest on the wide, high beds (which 
at 4l cm conversely were the highest), and intermediate 
on the narrow, high beds (33 cm in height) and the wide 
low beds (26 cm in height). The 1978 mungbean experiment 
was planted under conditions of low soil moisture and high 
evapotranspiration because the rainy season was late in
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TABLE 87
EFFECT OF BED HEIGHT , BED WIDTH,
AND MULCHING ON MUNGBEAN YIELD (t/ha), 1978
Characteristic Harvesta Totald
1 2 3 4
Bedsb
WH 0.23 0.43 0.29 0.72 1.16NH 0.27 0.40 0.30 0.21 1.18
WL 0.28 0.39 0.26 0.22 1.14
NL 0.41 0.39 0.23 0.23 1.26
Significance
W,N + NS NS NS NS
H,L + NS NS NS NS
interaction NS NS NS NS NS
Error abc abc a abc abc
CV 51 21 37 19 17
Mulch0
0 0.29 0.41 0.26 0.21 1.181 0.34 0.40 0.26 0.21 1.22
2 0.26 0.40 0.25 0.24 1.16
Significance NS NS NS NS NS
Error abc abc c abc abc
CV 51 21 23 19 17
aHarvest dates:
1 = 60 days after planting.
2 = 67 days after planting.
3 = 81 days after planting.
4 = 95 days after planting.
bMain plot (bed width) and subplot (bed height) effects:
WH = wide high, NH = narrow high, WL = wide low, NL = 
narrow low.
cSub-subplot effects: mulching. 0 = none, 1 = thin,
2 = thick.
j
Totals may not add across due to missing values estimated 
by least squares.
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beginning In 1978. Emergence of the plants and Initial 
growth on the wide, high beds in particular was conse­
quently delayed more than on the narrow, low beds. These 
observations suggest that application of a thin mulch 
immediately after seeding rather than after germination 
and emergence might be of benefit when planting on high 
beds before the onset of the rainy season.
Examination of the effect of bed systems on yield 
components suggested that harvestable plant density (the 
number of plants with harvestable pods) was higher on low 
beds than high beds and highest on the narrow, low beds 
in the first harvest. The experiment failed, however, to 
show significance in the 56# greater harvestable plant 
density of 167,100 plants/ha on the low beds or in the 
effect of the interaction of bed types on harvestable 
plant density. In the second harvest, differences in har­
vestable plant densities were smaller and all non­
significant, but plants on the high beds had 50# more 
seeds per pod than those on the low beds. The experiment 
also failed, however, to show significance in this differ­
ence. In contrast, 1000-seed weight was highly signifi­
cantly greater on the high beds in both the first and 
second harvests. The differences in the two harvests 
represented only 7 and 8# increases respectively. They 
were thus proportionally much smaller than the differences 
in harvestable plant density or seeds per pod, but the
TABLE 88
EFFECT OF BED HEIGHT AND BED WIDTH 
ON MUNGBEAN YIELD COMPONENTS 


















































































aHarvests 1 and 2 of table 87.
Significance determined after square root (X+?§) transformation.
Significance determined after square root transformation.
Shere two error terms and CV’s are shown, the first error term was used for main plot 
(W,N) comparisons and the second for subplot (H,L) and main plot-subplot interaction 
comparisons. The two CV’s refer to the respective error terms.
eSymbols for bed treatments identical to those in table 87.
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experiment was able to detect these differences because 
the coefficients of variability of this characteristic 
were very low (table 88).
Finally, there were no significant differences among 
bed types in sample plant height at 48 or 60 days after 
planting or in number of leaves, total leaf area, or aver­
age area per leaf at 61 or 82 days after planting.
Overall yield in the 1979 mungbean experiment was 
considerably lower than in 1978 because of wind damage at 
6 weeks after planting, when the plants were approximately 
70 cm in height. Moreover, because wind damage was more 
severe on the high beds, contrary to hypothesis high bed 
shelled yield at 0.4 t/ha was only half the low bed yield 
of 0.8 t/ha, as shown in table 89. The experiment detected 
this difference as significant at the 10$ level .only, how­
ever, because of the high coefficient of variation, 118$, 
of main plot error term a. Error a was significantly dif­
ferent from the pooled error term be, which had a much 
lower coefficient of variation of only 20$. Overall, coef­
ficients of-variation were considerably higher in 1979- than 
in 1978, reflecting increased variability under greater en­
vironmental stress. The lower yield on the high beds was 
apparent in all four harvest periods, however, and was sig­
nificant at the 5% level in harvest period 5-6.
In contrast with results in 1978, table 89 also shows 
that the use of mulch resulted in a highly significant 20$
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TABLE 89
EFFECT OF BED HEIGHT AND MULCH
Characteristic




1-2 3-4 5-6 7
Beds0
H 0.08 0.16 0.08 0.09 0.42
L 0.21 0.20 0.24 0.21 0.84
significance + NS # NS +
error a a a a a
CV 166 171 128 171 118
Mulch0
1 0.15 0.19 0.19 0.16 0.690 0.14 0.16 0.13 0.14 0.57
significance • NS ** ** + ##
Interaction 
beds mulch 
H 1 0.08 0.19 0.10 ,. 0.08 0.450 0.07 0.14 0.06 0.11 0.39
L 1 0.22 0.20 0.27 0.25 0.93
0 0.20 0.19 0.20 0.17 0.76significance NS NS NS »K +
Error c c c be be
CV 34 26 32 42 20
aHarvest dates:
1-2: 56 and 63 days after planting.
3-4: 70 and 77 days after planting.
5-6: 84 and 91 days after planting.
7 : 105 days after planting.
^Totals may not add across due to missing values estimated 
by least squares.
cSymbols for bed and mulch treatments identical to those in 
table 87.
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increase in shelled yield in 1979. The benefits of mulch 
were more pronounced in the later harvests as the dry 
season set in. This difference probably reflected better 
moisture conservation under mulch. In addition, because 
of depressed yields on the high beds, there was an inter­
action between bed height and mulching. Although the 
overall interaction was significant only at the 10$ level, 
means separation by Tukey's w procedure (HSD) indicated 
that the increase due to mulching was highly significant 
on the low beds but not significant on the high beds.
Analysis of sample plant heights (16 sample plants/
8 m^) showed few significant differences, indicating that 
plant growth was not a determining factor in the above 
yield differences. On the other hand, however, observa­
tions of an experiment at IRRI using high beds 50 cm in 
height and 2.0 m wide, alternating with 2.0 m wide "sinks" 
planted in rice, suggest that cultivar height may be a 
major factor in mungbean performances on high beds. In the 
IRRI experiment, also planted during the wet season, little 
damage was suffered on high beds due to wind. The IRRI 
cultivar was considerably shorter in height at maturity, 
however: 60 cm in contrast to the nearly 100 cm of V3476,
the AVRDC cultivar used in the 1979 experiment. Plant den­
sity and spacing in the IRRI experiment were similar to 
that in the 1979 experiment. The tall AVRDC cultivar, how­
ever, appeared to be more susceptible to lodging when
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planted on high beds, because of different row arrangements 
on high and low beds. On both high and low beds, there 
were 8 rows of plants in a given 2.0 m wide section. On 
the high beds, however, the 8 rows were placed together 
in two groups of 4 rows each, with a large space between 
the two groups. In contrast, on the low beds, the 8 rows 
were distributed more evenly in four groups of 2 rows each. 
The plants of the tall AVRDC cultivar appeared to be able 
to support one another with less lodging in the latter row 
arrangement. Figure 18 depicts this difference in row 
arrangement.
Examination of the effect of bed height on yield 
components suggested that differences in harvestable plant 
density accounted for the major portion of the yield dif­
ferences between high and low beds. Harvestable plant 
density showed large decreases of 58, 52, 68, and 78# 
respectively on the high beds in the first, second, fifth, 
and seventh harvests. Because none of the main plot error 
terms in these harvests could be pooled, however, these 
differences were significant only at the 10# level. In 
addition, the number of pods per plant was significantly 
lower, 63 and 67# respectively, on the high beds in the. 
fifth and sixth harvests. Neither number of seeds per pod 
nor 1000-seed weight were major factors, however, in the 
yield differences (Table 90).
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FIGURE 18 
MUNGBEAN PLANT GEOMETRY ON HIGH AND LOW BEDS
20cm * 4 20cmX4
2.0 m  c-c
2 0cm x4 20cm x 4
2.0m c c
TABLE 90
EFFECT OF BED HEIGHT

























































































aCV range = 131-443. Errors a in 6 of 7 harvests.
Significance determined after square root (X+h) transformation. CV range = 65-166. 
Significance determined after square root transformation. CV range = 12-41. 
dCV range = 13-60.
Symbols for bed treatments identical to those in table 87.
LO—3VO
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In contrast with the effects of bed height, table 91 
shows that the effect of mulch on yield was through a com­
bination of increased harvestable plant density and greater 
numbers of seeds per pod. In the fourth harvest, harvest- 
able plant density showed a highly significant 19$ increase 
in mulched plots, and in the last two harvests, harvestable 
plant density was 22 and 15$ respectively significantly 
greater in mulched plots. In the last three harvests, the 
numbers of seeds per pod showed highly significant 19, 27, 
and 17$ increases respectively. On the other hand, the 
number of pods per plant and 1000-seed weight were affected 
only slightly or none by mulching.
In comparison with 1978 yield components, the coeffi­
cients of variation of the 1979 yield components were all 
considerably higher. In both years, harvestable plant 
density was the most variable component, followed by num­
bers of harvestable pods per plant. Comparison of the 
values of these two yield components in 1978 and 1979 
(tables 88 versus 90 and 91) suggests, however, that the 
number of harvestable pods per plant was affected much 
more by the more unfavorable environmental conditions of 
1979 than was harvestable plant density. Most of the 
decreases in harvestable pod density appeared to be asso­
ciated with the wind-damaged high beds. In contrast, num­
bers of harvestable pods per plant were reduced from 
































































































Significance determined after square root (X+%) transformation. CV range = 40-94. 
Significance determined after square root transformation. CV range = 12-20. 
dCV range = 13-21.





1 or less In 1979 In all treatments In the initial two 
harvests. Moreover, mean numbers of harvestable pods in 
the last two 1978 harvests remained high at 2.7 and 3.4 
pods per plant, in contrast with continued low values of
approximately 1 pod per plant in the later 1979 harvests.
Numbers of seeds per pod and 1000-seed weight exhi­
bited less variation in each year, as evidenced by lower 
coefficients of variation in both years. In addition, 
comparison of the. values of these components in the two 
years suggests that numbers of seeds per pod and 1000-seed 
weight were affected more or less equally early in the 
season by the adverse environmental conditions of the 1979 
experiment. In the initial two harvests, mean 1000-seed 
weight decreased from 47 g in 1978 to 38 g in 1979. Mean 
numbers of seeds per pod decreased 17$, from 11.9 seeds in 
1978 to 9-9 seeds in 1979.
As the dry season set in in 1979, mean numbers of
seeds per pod from mulched plots in the later 1979 harvests 
approached the levels of the last two 1978 harvests, 11.7 
and 11.3 seeds per pod respectively. In addition, 1000- 
seed weight in the later 1979 harvests increased to 47 g 
by the last harvest. This value actually exceeded the 
mean 1000-seed weights in the last two 1978 harvests of 40 
and 43 g respectively.
There were no significant differences among fertiliza­
tion treatments in total yield over the seven harvests, as
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shown by the following data (refer to chapter 7 and table 
54 for details of the actual rates of fertilization in each 
treatment; yields expressed in t/ha):
Local Fert/ Om/ Fert/ Om/
  100 100 150 150
0.59 0.53 0.59 0.65 0.59
There were likewise no significant differences in total 
yield due to interactions of the fertilization treatments 
with either bed height or mulching. During the four 
separate harvest periods (harvests 1-2, 3-4, 5-6, and 7) 
there were also no significant differences in yield due 
either to the independent effects of the fertilization 




The 1978 sweet potato experiment demonstrated that 
both high beds and mulching are beneficial for increased 
root yield in the rainy season. Table 92 shows that the 
use of high beds resulted in a highly significant 211$ 
increase in yield considered marketable in Taiwan (rela­
tively small roots of uniform shape). In addition, there 
was also a highly significant 88$ increase in the yield 
of roots that were not considered marketable in Taiwan. 
Approximately half of this yield consisted of roots which 
were of less uniform shape but otherwise would have been 
acceptable for home consumption or in markets where con­
sumers are less selective. It should be noted In this 
regard that observation of rural markets In Taiwan and 
the Philippines suggested that shape and appearance are 
less critical factors in market acceptability in the 
Philippines, where consumer incomes are considerably lower, 
than in Taiwan. The overall highly significant 130$ 
increase in total yield, from 5*0 to 11.5 t/ha, Is thus 
also meaningful.
There were no significant differences in marketable 
yield among mulch treatments, but the yield of other roots 
and the total yield of all roots showed significant in­
creases with the use of mulch. Differences among mulch 
levels were not significant.
386
TABLE 92
EFFECT OF BED HEIGHT AND MULCH
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There were no significant differences in yield due 
to interactions among bed width, bed height, or mulching 
treatments.
Plant density at harvest was approximately 31,000 
plants/ha on both high and low beds. Absence of signifi­
cant differences due to bed height indicates that plant 
survival was not the cause of the increased yield on the 
high beds. Analysis of yield components indicated that 
there were no significant differences between high and 
low beds in the numbers of total or other roots harvested. 
There was, however, a highly significant 82# Increase in 
the number of marketable roots harvested from the high 
beds. On the other hand, the average weight of both 
marketable and other roots (and thus also all roots) showed 
highly significant increases on the high beds (table 93). 
These data thus indicate that the primary effect of high 
beds was to increase root size.
There was no significant difference between the total 
vine weight on the high beds and that on the low beds. As 
a result, the vine/root weight ratio on the high beds 
showed a highly significant 61# decrease, from 3*1 to 1.2. 
The latter value is very near the lower end of the range 
of 1 to 48 observed at AVRDC. These results thus confirm 
the previously-reported usefulness of the vine/root ratio 
as a measure of rainy season yield performance ( 9).
Table 94 shows that there were no significant differ­
ences among mulch treatments in plant density at harvest,
TABLE 93
EFFECT OF BED HEIGHT























Total high 31.1 163 71 14.1 1.2low 30.7 143 36 14.2 3.1
significance NS + xx NS XX
Market­ high 39 138
able low 21 81
significance xx xx





ON SWEET POTATO YIELD COMPONENTS, 1978
Yield Treatmenta Plant Number Average Total Vine/
cate­ density of roots root vine root
gory (1000/ (1000/ weight weight ratio
ha) ha) (g) (t/ha)
Total 0 31.4 148 49 14.4 2.6
1 31.4 164 54 14.2 2.0
2 29.7 146 57 13.9 2.1
significance NS * + NS *
Market­ 0 27 107able 1 34 108
2 28 112
significance * NS
Other 0 121 331 131 392 118 43
significance * +
aSymbols for mulch treatments identical to those in table 92.
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indicating that plant survival was not affected by mulching. 
Analysis of yield components suggested that mulching 
increased the average weight of the non-marketable roots, 
although the average weight increases for other roots and 
all roots were significant only at the 10% level of signi­
ficance. Although there were no yield differences between 
thick and thin mulches, the thin mulch appeared to result 
in the production of greater numbers of roots of slightly 
less mean weight than the thick mulch. The use of mulch 
also decreased the vine/root ratio significantly.
Analysis of quality parameters indicated that high 
bed roots had a significantly smaller length/diameter index 
but had slightly rougher skin and were subject to signifi­






length (cm) 10 9 *diameter (cm) 5 4length/diameter index 1.9 2.3 *
skin smoothness3- 2.8 2.4 tttt
light weevil damage13 (%) 38 30 NSheavy weevil damage0 (%) 17 8 NSweevil index0 0.7 0.4 *
aScale: 0-5 in order of increasing roughness.
^Infestation confined to region directly under skin.
cInfestation throughout the root.
dScale: 0 = none, 1 = light, 2 = heavy.
Index = (scale x percent damage).
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One possible explanation for the greater degree of weevil 
damage is that the improved aeration on the high beds 
which made increased root production possible also allowed 





POTENTIAL BENEFIT OF IMPROVED PRODUCTION TECHNIQUES
The results of the field experiments Indicate that of 
the four representative vegetable crops, common cabbage has 
the greatest immediate horticultural potential for in­
creased rainy season production using improved management 
practices and cultivars. Sweet potato also appears to have 
horticultural potential for rainy season production, but 
this potential has not been confirmed under Ilocos Norte 
conditions. In addition, the data on sweet potato con­
sumption in chapter 5 suggested that there is only limited 
demand for sweet potato roots in the rainy season. On the 
other hand, in spite of strong demand for tomato during the 
rainy season and widespread farmer experience with the 
crop, the failure of the cultural practices investigated in 
the experiments to achieve yield increases at a level high 
enough to attract farmers to adopt the new technology means 
that the present horticultural potential for rainy season 
tomato production is still considerably less than satis­
factory. Finally, the results of the mungbean experiments • 
do not yet provide a conclusive indication of the crop’s 
horticultural potential for increased rainy season pro­
duction. In this chapter, we will therefore evaluate the 
possible economic benefits of rainy season production using
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the techniques investigated in the field experiments for 
the most pro.mising crop, common cabbage.
In order to estimate the potential revenue from rainy 
season production, data on weekly wholesale prices of 
selected vegetables were gathered from the Dingras local 
market during the period from June through October 1979. 
Data on dally wholesale prices of selected vegetables in 
the Laoag public market during the years 1974-1979 were 
obtained from the Bureau of Agricultural Economics Laoag 
office. Revenue was then calculated by multiplying the 
yield obtained from the experimental plots by the whole­
sale price at the time of the harvest of that yield. 
Although strictly speaking revenue calculated in this 
manner differs from farm-gate revenue based on the price 
that a buyer would offer for produce in a farmer's field, 
farmers in the target region do not rely solely on buyers 
for marketing of their produce. During the surveys, 
farmers frequently indicated that they marketed vegetable 
crops such as eggplant by having their wife or another 
member of the family take the produce directly to the 
Laoag market for sale to vendors or, in some cases, for 
direct retail sale. Thus, it is reasonable to assume that 
an enterprising farmer who would begin rainy season pro­
duction of a vegetable crop would market his crop directly 
in order to obtain the higher public market wholesale 
price.
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Figure 19 shows that cabbage wholesale prices in the 
Dingras public market during the period from June through 
October 1979 were characterized by considerable fluctu­
ations. In particular, between September 21 and 28, the 
price decreased by 55% 9 from £5.50 to £2.50/kg. In the 
1979 experiment, the first two harvests, accounting for 
13.3 t/ha or *12% of the marketable yield from semi-high 
mulched beds, were completed before the price drop. If a 
farmer who had planted 0.1 ha of cabbage marketed the first 
two harvests before the price drop and the remainder after 
the drop, he could more than double his revenue by using 
semi-hi’gh mulched beds, grossing £11,865/0.1 ha Instead of 
£5,5^0 with low beds, or £7,520 with unmulched semi-high 
beds, as shown in table 95 (US $1.00 * £7.50).
Table 96 shows the effects which the volatility of 
1979 Dingras cabbage prices could have on revenue from 
semi-high mulched beds depending on when a farmer had 
planted. For the purpose of discussion, we will assume 
that yields would be constant over a four week period 
beginning with harvests from a planting two weeks earlier 
than that of the 1979 experiment and extending to harvests 
from a planting one week later than that of the 1979 exper­
iment. Under this assumption, if the farmer had planted 
one week earlier, so that his harvest period began 
September 5, he could have completed three harvests 
before the price drop. This would have enabled him to
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TABLE 95
DIFFERENCES /IN REVENUE FROM CABBAGE PRODUCTION 

















DIFFERENCES IN CABBAGE REVENUE 
IN DINGRAS AND LAOAG
(B/HA)
8/29- 9/5- 9/12 9/19
10/5 10/12 10/19 10/26
Revenue
Dingras 16,040 15,145 11,865 7,660
Laoag 12,665 12,600 12,190 11,665
Value Relative 
to Laoag Mid-season 
Dingras 132 124 97 63
Laoag 104 103 100 96
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market 22.25/ha, or 70% of the marketable yield from semi- 
high mulched beds, at higher prices, resulting in a 28% 
greater revenue of £15,145.0/0.1 ha. On the other hand, 
however, had he planted a week later (two weeks later 
than the earlier planting), so that his harvest period 
did not begin until September 19, essentially all of his 
harvest, 31*15/ha or 98%, would have come after the price 
drop. This two-week difference in harvesting and market­
ing would have resulted in a halving of his farm revenue 
from cabbage to £7,660.
Figure 19 and table 96 also show that in comparison 
with Dingras, Laoag prices were considerably more stable. 
Although peak prices were not as high as in Dingras, there 
were also no sharp drops. If the yield from the six har­
vests is compared with prices over the four-week period, 
the stability of Laoag prices during the three main har­
vests (harvests 2-4) that accounted for 93$ of the market­
able yield from semi-high mulched beds becomes clear. As 
a result, revenue in Laoag never reaches the peak revenue 
obtainable in Dingras from a planting two weeks earlier 
than that of the 1979 experiment. Harvest beginning 
August 29 from such a planting would result in revenue 
32$ greater than Laoag mid-season revenue (which is com­
parable to Dingras mid-season revenue). On the other hand, 
however, Laoag revenue remains essentially unchanged even 
when Dingras revenue drops to less than two thirds of
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mid-season Laoag revenue and less than half of peak Dingras 
revenue.
In order to investigate whether the relative stability 
of Laoag prices in 1979 was typical or reflected abnormal 
weather conditions, the data on cabbage wholesale prices in 
the Laoag public market during the years 1975 to 1979 were 
plotted together with rainfall by 10-day periods in each of 
those years in figure 20. The resulting graphs show that 
cabbage price fluctuations generally followed rainfall pat­
terns from year to year. In 1976 and 1979, in which the 
rainy season began early, cabbage prices rose more quickly 
than they did in 1977 or 1978. Heavy rainfall in September 
in 1977 was reflected by a rise in cabbage prices in 
November. In contrast, prices declined in November in 
1976 and 1979, years in which the rainy season peaked in 
August.
On the other hand, however, cabbage prices remained 
high through October, November, and December in 1978, even 
though the rainy season was not severe and peaked in late 
August in that year. This indicates that cabbage prices in 
Laoag are determined at least in part by production and 
prices in other cabbage-producing areas such as the adja­
cent province of Ilocos Sur and the Baguio - La Trinidad 
highland production region in north central Luzon.
Nevertheless, considered in their entirety, the data 
in figure 20 do confirm the greater relative stability of
- FIGURE 20
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cabbage prices in the Laoag public market in comparison 
with the sharp drop in prices observed in the Dingras 
public market in 1979. Only in January 1975 was a pre­
cipitous drop within the period of a week observed in 
Laoag. At that time, cabbage wholesale prices dropped 
50$, from ¥6.00/kg to ?3.00/kg. In other years, price 
declines within the course of a week were generally on 
the order of ?1 .00/kg or less, with the maximum being a 
38% decline of 31.50/kg observed in November 1976.
In order to determine the profitability of rainy 
season cabbage production for a farmer, it is necessary 
to compare the increases in revenue resulting from pro­
duction on semi-high mulched beds that are shown in table 
95 and Implied by the comparisons in table 96 with the 
increases in costs necessary to prepare such beds. The 
concept of net benefit provides a useful tool for such 
comparisons. Net benefit refers to the difference between 
the increase in revenue from an alternative set of pro­
duction practices, and the increase in variable costs 
associated with the alternative set of production prac­
tices relative to the reference set.
Table 97 shows that the results of the analysis of 
the costs of preparing semi-high beds and mulching them 
indicates that a farmer who planted at the same time as 
the 1979 experiment could easily recover the additional 
costs required by the more intensive cultural practices,
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TABLE 97 
NET INCREASES IN COSTS 
FOR SEMI-HIGH MULCHED BEDSa
Plowing Man- Rate/ Labor Fuel Total
(Man-hours/ha) days/ day cost cost cost
1_ 2_ total ha  (g) (g) (g) (g)
H 43 19 62 7.8 11 86 114* 200
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aH = semi-high, L = low.
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given the prices that prevailed in 1979* First, the cost 
of labor for bed preparation can be inputed at §ll/day, 
which was the rate for farm labor at the experiment station 
in 1979. Farm survey data in the Laoag A barangays indi­
cated that §10/day was the prevailing rate in 1979 for farm 
labor. In addition to their cash wage, however, farm 
laborers also frequently were given merienda, or snacks, 
by the farmer who hired them. Thus, §ll/day would appear 
to be a competitive wage rate. At that rate for labor, 
the increase in costs would be approximately §589/ha, or 
less than §60/0.1 ha.
On the other hand, however, farm laborers may be 
unwilling to do the heavy shovelling work required to 
build high beds at the rate for ordinary farm labor. If 
labor costs are therefore inputed at a higher rate of 
§17/day (the same as that paid for buffalo plowing), the 
Increase in costs for bed formation rises to around §86l/ha, 
or still less than §90/0.1 ha. In either case, the total 
increase in costs is considerably less than the increase in 
revenue which table 95 shows that a farmer in Dingras could 
have obtained from cabbage production at the time of the 
1979 experiment. Similar increases in revenue are also 
implicit in the revenue data of table 96.
The above comparisons of increases in costs and 
revenue thus appear to suggest net benefits on the order 
of §6,000/0.1 ha. In the context of rural income levels
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in Ilocos Norte, this would be a very substantial addi­
tion to income. We can estimate rural income levels from 
the information on monthly family expenses (including the 
inputed value of rice produced on farmers’ fields and used 
for family consumption) in the Laoag A barangays. The 
following data indicate the range of monthly aggregate 
family expenses in pesos and yearly per capita expenses 
in U. S. dollars for the nine subsample farmers in the 
Laoag A barangays:
Stratum Monthly family Yearly per capita
expenses (£) expenses (U. S. $) 
______________  mean range mean range
Owner-tillers 579 428- 167 137-
+ large 781 250
tenant 
farmers
Small 429 330- 155 66-
tenant 611 279
farmers
There are two factors, however, which would limit the 
real potential contribution of rainy season cabbage pro­
duction to the betterment of the livelihood of the farmers 
in the target region to considerably less than the figures 
suggested by the above calculations of net benefit. The 
first factor is that successful cabbage production requires 
a high level of purchased inputs. Total production costs 
in the 1979 experiment were approximately £1000/0.1 ha. 
These costs consisted of the following inputs:
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Input Man- Cost Percentage
days/ (S/ of total
0.1 0.1 ha) input
ha cost
'Materials
seed — 16 2
fertilizer • 144 15pesticides - 284 29total m 45Labor
seeding 5.7 63 6watering 0.9 10 1bed preparation 5.3 97 10basal fertilization 0.4 4 1
planting 8.5 93 10mulching 1.6 17 2replanting 0.7 8 1
sidedressing 2.5 28 3weeding 11.3 124 13spraying 0.7 8 1harvest 7.6 84 9total 536 55Total 980 100
In light of the results of AVRDC monitoring of insect 
pest populations discussed in chapter 6 which indicated 
that the populations of Brassica pests decline during the 
wet season, it might be possible to reduce costs by reduc­
ing the number of spraying to less than the 8 sprayings 
done in the 1979 experiment without significant negative 
effects on yield. On the other hand, for successful cab­
bage seedling production in the rainy season, protection 
of the seedlings from rainfall during the first several 
weeks after emergence is necessary. This would require 
construction of a simple plastic or glass-covered lean-to 
type protective structure. This in turn would result in 
an additional one-time expense not reflected in the above 
production cost calculations.
The maximum amount of farm Investment which farmer 
Eusebio Lorenzo indicated that he was willing to make 
during the months from May through November was ?50 a 
week. This appears to be an understatement, however, 
since he also reported spending P280 in late June 1979 
for rice planting labor. Even if we accept the latter 
figure as a more realistic indication of the amount which 
he is capable at one time of investing in a crop, it is 
clear that the purchase of over ?400 worth of materials 
for the production of 0.1 ha of rainy season cabbage fol­
lowing the practices of the 1979 experiment would exceed 
farmer Lorenzo's financial capabilities. It is thus more 
likely that farmer Lorenzo would begin by planting perhaps 
0.02 ha initially, as we saw in chapter 5 he has previously 
planted in cabbage. This would reduce his materials costs 
to P89 (one fifth of the materials above).
If we assume that farmer Lorenzo also would contract 
out for labor for bed preparation, fertilizer application, 
planting, and mulching but use family labor for seedling 
production, post-planting crop management, and harvesting, 
then cash labor costs would be ?42. His hired labor 
requirement would be 3.2 man days, or approximately 25*3 
man-hours. His family labor requirements would be 1.3 
man-days or 11 man-hours before planting, 3.0 man-days or 
24 man-hours between planting and initial harvest, and 1.5 
man-days or 12 man-hours during a six week harvest period
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(with 1.2 man-days or 10 man-hours coming during the 
three peak harvests).
In terms of both labor availability prior to June 
rice planting and favorable soil conditions for preparing 
semi-high beds prior to the first wave of heavy rains, 
land preparation and planting in late May would be the 
best time. This would result in a harvest period begin­
ning in early August and ending in mid September. Figure 
19 shows that in 1979, Laoag cabbage prices during that 
period started at ?3*00/kg and then rose to P4.00/kg 
by the end of August. These prices would result in revenue 
of P2,l8l from 0.02 ha, assuming that the same yields at 
this planting date as those obtained from the 1979 planting 
approximately one month later (it should be stressed at 
this point that this assumption is for purpose of discus­
sion and would need to be confirmed by experimental results 
before a late May planting could be recommended).
Alternatively, an early July planting (as in the 1979 
experiment) would also not conflict with labor requirements 
for rice. Furthermore, the data in chapter 3 and figure 4 
indicated that this is a time when dry spells favorable for 
land preparation are frequent. Although a farmer could 
expect a dry year (no heavy rainfall or wet conditions) at 
this time in only one out of every three years, his chances 
of a mixed year (in which a portion of a 10-day segment 
would be dry enough for land preparation) would be nearly
408
100%. Such a planting would result in one of the two 
later harvest periods of table 93, yielding revenue from 
0.02 ha of approximately £2,300-2,400.
With either planting, therefore, farm income would 
be more than £2,000, representing a substantial incentive 
for production.
The second factor which would limit the potential 
benefits of rainy season cabbage production comes, however, 
from an interaction of this very same substantial incentive 
for production with consumer demand for cabbage. The above 
calculations of revenue and net benefit were based on 
wholesale prices in the range of £3.00-6.00/kg. These high 
price levels in turn reflect the scarcity of cabbage during 
the rainy season. With the high yields obtained from the 
1979 experiment, however, it is obvious that supply and 
demand relationships would change. It is thus necessary 
also to consider the size of the potential market for 
cabbage in relationship to the number of farmers who could 
fulfill the demand of the market from rainy season cabbage 
production.
It is reasonable to assume that in Ilocos Norte 
cabbage is a normal good with a relatively high income 
elasticity of demand. The analysis of consumption patterns 
in chapter 5 indicated that 31% of the farm households con­
sume cabbage throughout the year. Since 71% of the farm 
households consume cabbage in February, the month of peak
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cabbage consumption, this means that for 40% of the farm 
households, cabbage is a good which they are either willing 
to dispense with or use substitutes in place of. Sub­
stitute leafy vegetables available year-round include sweet 
potato tips and several semi-domesticated plants that are 
frequently grown in home gardens or can even be gathered 
from fallow fields: swamp cabbage or balanggeg (a sweet
potato relative, Ipomoea reptans and I. aquatica, also 
known as kangkong); horseradish tree or marunggay (Moringa 
oleifera); and edible Jute or saluyot (Triumfetta spp.). 
These substitute leafy vegetables also are available in 
the public markets, but in contrast with cabbage, their 
Income elasticities of demand would appear to be low or 
possibly even negative.
Figure 21 shows the relationship between the percen­
tages of farm households that frequently consume cabbage 
in each month and the mean wholesale price of cabbage in 
those months. The following linear regression equation 
fits the observed data points in figure 21 with a highly 
significant correlation coefficient of -0.94:
Pf = -14.3P + 86.5,
where
= percentage of farm households that frequently 
consume cabbage;
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Although theoretically speaking prediction of estimated 
values outside of the range of known data points in a 
regression equation is not valid, the trend of the regres­
sion suggests that at 96.00/kg effective economic demand 
for cabbage by farm households would be near zero.
At P4.00/kg, the equation predicts that 30% of the 
farm households will consume cabbage frequently. The 
equation does not tell us what constitutes frequent con­
sumption at that or the other price levels. From the 
responses of farmers to the last set of questions in the 
baseline survey, however, it is possible to estimate max­
imum demand per household of cabbage as a free good. Then, 
based on that estimate we can make some reasonable assump­
tions about demand quantities at higher prices.
The survey data indicated that farm households in 
both Dingras and Laoag had similar maximum demands for 
cabbage. In the sample barangays in both municipalities, 
farmers indicated that the most cabbage they individually 
were willing to consume in one day was between one fourth 
and one half of a head. Mean responses were approximately 
one third of a head, although the modal response of over 
half of the farmers was lower, one quarter of a head. 
Farmers also indicated that their families could consume 
a maximum of slightly over one head per day. In both 
municipalities, the maximum number of days in which the
farmers were willing to consume cabbage in a week was 


























Multiplying the maximum daily number of heads/family 
by the maximum number of days/week in which farm households 
would be willing to consume cabbage would indicate that 
farm households could consume approximately three heads of 
cabbage per week.
Using the regression equation and the above data on 




Dp = demand at price p;
P = maximum percentage of households willing to
consume cabbage, estimated from the P^-intercept 
of the regression equation for farm households;
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H « total number of households (from table 4, 
chapter 4);
n * number of heads consumed/time period;
w » mean head weight.
A reasonable range for w is 0.5-1.0 kg. At p =
?4.00/kg, P (estimated from Pf) = 0.30. In other words, 
an estimated 30# of the households consume cabbage at that 
price. If we assume that those households purchase one 
head of cabbage every other week during a four-week period 
(so that n = 2 for the four-week period), then we can esti­
mate Dij.oo for Laoag to be 3.6-7.2 t.
Using the four-week period encompassing harvests 2-5 
as a reference, a farmer could produce 29.5 t/ha, or about 
0.6 t from a 0.02 ha parcel, using mulched semi-high beds. 
Dividing this yield into the above range of values for 
D4.0O yields a range of 6-12. This indicates that if in 
the second year 12 farmers planted 0.02 ha of cabbage 
using mulched semi-high beds, they would supply the demand 
at 1.0 kg/head/household/2 weeks of the entire Laoag 
market at that price. If a still greater number of farmers 
planted 0.02 ha of cabbage using mulched semi-high beds, 
then there would be an excess of supply, the price of 
cabbage would fall, and farmers would lose revenue.
At ?2.00/kg, P (estimated from P^) = 0.58. This means 
that an estimated 58# of the households consume cabbage 
at this lower price. It is also reasonable to expect that
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these households are willing to purchase more cabbage than 
the 30/? of the households were at F4.00/kg. If we assume 
that they purchase one head every week during a four-week 
period (so that n = 4 over the four weeks'), then we can 
estimate 02.go for Laoag to be 13.9-27*7 t. Even with the 
greater demand at this lower price, if only 23-46 farmers 
have planted 0.02 ha, they will thus fulfill the demand 
of the market.
Finally, consider the case of p = 0. As a free good,
P (estimated from the P̂ . intercept) = 0.865, n for Laoag = 
2.9 x 4 for four weeks, and Dg = 60-120 t. This means that 
if between 100 and 200 farmers, or only 2-4# of the 4,l8l 
farm households In Laoag, planted 0.02 ha of cabbage, for 
example in early July, they would completely saturate the 
Laoag market from mid-September to mid-October.
The above discussion'thus illustrates that rainy 
season cabbage production would have income-producing 
potential for only a small percentage of the farm house­
holds (and secondarily for the farm laborers as well as 
small tenant farmers who also hire themselves out whom 
they would employ) in the target region if markets are 
restricted to Laoag. On the other hand, production by 
enough farmers to reduce cabbage prices in August, 
September, and October to less than they are now (for 
example, to ?3»00/kg rather than ?4.00/kg) would clearly 
have a beneficial income effect for consumers. In light
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of the greater Interest evident from the survey results of 
farmers (especially owner-tillers and large tenant farmers) 
in the Laoag A barangays in vegetable production, it would 
thus appear best to encourage rainy season production in 
one or two selected Laoag A barangays. A program with 
this objective could combine demonstrations, periodic 
visits by the local technician to the farmers’ fields (as 
farmers indicated in their responses to the questions on 
information they desire), and credit in the initial year 
or two in the form of stamps or vouchers that could only 
be used for the purchase of fertilizer or pesticide. The 
last aspect of the program would assist farmers in the 
initial year or two in the selected barangays with the 
problem of high pre-production costs and enable them to 
gain confidence in rainy season cabbage production before 
they assumed all the risks of production.
CHAPTER 10
LIMITATIONS AND APPLICATIONS 
OP THE STUDY
The overall objective of this study, as stated in 
chapter 1, has been to develop and test a methodology for 
integrating observation of current farmer production sys­
tems with technology development. For that purpose, as a 
specific test of such methodology development, this study 
focused on vegetable production in the rainy season in 
Northern Philippines. In this final chapter, we will 
therefore evaluate the implications of the results of 
both the development of the vegetable production technology 
for the rainy season that has been the specific focus of 
this study, and the development of the methodology for 
integrating production research and observation of the 
entire farmer's system that is the overall objective of 
the study.
As was clear from the discussion of experimental 
results in chapter 8, the most serious difficulty in con­
ducting research on rainy season vegetable production is 
the increased variability of many characteristics of vege­
table crops grown under the adverse conditions of the 
rainy season. Predominant among these characteristics 
is yield, the characteristic which we are most interested
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in affecting positively. The increased inherent variabi­
lity of yield under rainy season environmental stress is 
not surprising in light of its known low heritability, 
but this does make more difficult the task of identifying 
as significant apparent yield responses in the rainy 
season.
More specifically, this presents problems in choosing 
an efficient experimental design for studying the effects 
of bed systems on yield. In this study, split plot 
arrangements of treatments were used for the investigation 
of the effects of bed systems for two reasons. First, it 
was expected that the largest differences in yield would 
be among bed systems (as opposed to among mulching or 
fertilization treatments), and so bed systems could be 
placed on the main plots which have less efficient error 
terms. Second, from the practical standpoint of preparing 
experimental bed system plots, it is desirable to build 
beds in rows longer than one experimental unit. In 1978, 
it was found that 2.0 m between the ends of rows in 
adjacent experimental plots was too narrow for a buffalo 
to turn around in easily. In the 1979 experiments, the 
head land between experiments was therefore increased to
4.0 m.
From the standpoint of statistical design, the use of 
a simple factorial design would eliminate the problem of 
inefficient main plot error terms that cannot always be
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pooled. With 6.4-m-long experimental units as in the 
tomato or cabbage bed management experiments, however, 
this would require alternating 4.0 m head land strips and 
6.4 m experimental plot strips. Such an arrangement of 
plots would obviously be a very inefficient use of experi­
mental land.
Furthermore, in building high beds using the more 
realistic system developed for the 197-9 experiments, it 
is desirable to have a guard row bed between bed system 
treatments, since shoveling up of soil would be done in 
only half of the furrow if the adjacent treatment were a 
low bed height treatment. This further increases the 
amount of experimental land needed to put out a given num­
ber of treatments and in addition places a practical con­
straint on a large increase in replication.
One solution to this problem takes into account the 
desirability of determining the economically optimum bed 
height, which in turn can be controlled by the number of 
passes of the buffalo or tractor followed by shovelling.
The need for further study in this regard is evidenced by 
the results of the 1979 cabbage experiment. In that exper­
iment, although only two passes were made rather than the 
three planned, large yield responses were obtained under 
conditions of high rainfall. The following experimental 
design would allow placement of experimental plots in con­
tinuous rows but with a factorial arrangement, keep the
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size of each replication from becoming too large, so that 
the number of replications could be maintained at least at 
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In this design, 2.0 m-wlde, 25.6 m-long rows would be 
placed in succession horizontally. Every third row would 
be a guard row between replications, so that each replica­
tion would consist of one half of a guard row, followed by 
two 2.0 m-wide experimental unit rows, followed by another 
one half of a guard row. The number of plowing passes and
0
shovellings would then be randomized vertically. As the 
buffalo or tractor moved up each row, the plow would simply 
be lifted and no additional plowing and shovelling done in 
treatments which had completed their assigned number of 
passes of plowing and shovelling. Increasing the number of • 
rows per replication to three or four would also permit 
placement of subplot treatments not requiring guard rows 
(for example, different cultivars, different planting
420
dates, different plant spacing in the row, etc.) on each 
row. With this design, the degrees of freedom for both 
main plots and error a would be increased, with a result­
ing improvement in the precision of main plot comparisons, 
regardless of whether or not subplot treatments were 
superimposed on the main plots.
A second major difficulty evident from this study is 
it would be impossible to make general recommendations for 
organic matter application as a nutrient source (assuming 
that the trends observed in the early tomato harvests were 
confirmed at higher yield levels with cultivars with 
greater heat tolerance) until a method of preparing organic 
matter with a relatively constant nutrient content is 
developed. For this purpose, research is needed on the 
variability of organic matter nutrient content using 
standardized methods of rice straw composting and animal 
manure processing, for example in methane gas generation 
systems.
Comparing the results of the field experiments for 
each crop with their demand in the target region using the 
analytical development priority grid of Calkins (29) sug­
gests future research strategies. In this development 
priority grid, the current rainy season production capabi­
lity and demand status of the four crops focused in this 





































Demand for rainy season tomato as Indicated by both 
the results of the consumption questions on the survey 
(figure 11) and tomato price levels in the rainy season 
(Figures 22-2M) is high, but current production capability 
is still considerably less than satisfactory. Thus, empha 
sis should be placed on research to increase and stabilize 
yield. Specifically, further research is needed in breed­
ing to incorporate a higher degree of heat tolerance into 
cultivars with other desirable horticultural characteris­
tics, especially resistance to bacterial wilt, other
FIGURE 22 
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diseases and pests, and fruit cracking, and thereby raise 
overall yield levels under hot, wet conditions. At higher 
overall yield levels, it will then be possible to determine 
if the beneficial trends observed in the early harvests in 
the plots with organic matter N substitutions and higher 
beds do in fact result in significant economic benefits 
for rainy season production. Further breeding research is 
also needed to break the linkage between sprawling growth 
habit and other beneficial characteristics.
If a more meaningful degree of heat tolerance can be 
obtained before linkages with sprawling growth habit are 
broken, crop management research should reinvestigate the 
potential advantages of trellising systems. Although ear­
lier AVRDC research discussed in chapter 6 indicated that 
mulching was sufficient to obtain benefits equivalent to 
that of trellising, observation of plant growth on high 
beds in 1978 and 1979 suggests that much of the fruit loss 
evidenced in the large differences between total and 
marketable yields in 1978 and 1979 could be recovered if 
the plants were not allowed to grow down from the mulched 
surface of the high beds along the unmulched sides to the 
furrows.
At present yield levels, tomato could be planted on 
high beds in August or September towards the end of the 
rainy season as an earlier cabbage crop was harvested. 
Research would be needed to determine the economically
426
optimum planting time that would maximize net benefit by 
planting earlier when high beds would result in improved 
growth at the end of the rainy season but a greater por­
tion of the fruit set of the crop would come as the rains 
ended and night temperatures began to fall below 22° C.
Prom the crop physiology standpoint, further research 
is needed on the effects of high beds on root growth. The 
literature on the physiology of tomato heat tolerance dis­
cussed in chapter 6 suggested that root system size can 
indirectly affect flowering depending on the ability of 
the root system to take up necessary nutrients. The 
increased numbers of fruit on high beds in 1978 and 1979 
in turn suggest that better aeration and consequent 
increased root system size may have resulted in increased 
flowering on high beds. Measurement of oxygen potential 
and the size of sample plant roots at periodic intervals 
in comparison with numbers of fruit produced on high and 
low beds could clarify whether these hypothesized physio­
logical differences do in fact exist.
The development priority grid indicates that current 
rainy season cabbage production capability is high but 
that demand is insufficient relative to potential supply. 
Thus, priority should be placed on marketing research to 
determine how rainy season cabbage production in target 
barangays could be linked to marketing channels within the
l|27
province of Ilocos Norte as a whole as well as to other 
provinces and to the greater Manila market.
While of lesser priority than marketing research, 
further production research in several areas could also 
have potential benefits for growers. Cabbage yield in the 
rainy season is relatively more stable than current tomato 
yield, so the magnitude of the beneficial effects of high 
beds was greater for cabbage than for tomato. Adding 
organic matter before the last shovelling rather than 
before the first would place it nearer to the shallow 
cabbage plant roots. If the failure of organic matter N 
substitutions to have a beneficial effect on rainy season 
cabbage yield in 1978 and 1979 was due solely to place­
ment, then if organic matter has benefit as a source of 
delayed-release N, it should be possible to show a posi­
tive effect on yield. On the other hand, if the primary 
benefit of organic matter (especially pig manure) is as a 
source of P2°5> then closer placement should have little 
effect on cabbage yield.
Even if elimination of placement effects confirmed 
the organic matter N substitution hypothesis for cabbage, 
however, economic analysis would also be needed to compare 
the net benefit of using organic matter in comparison with 
sidedressings of N fertilizer sources at different fre­
quencies and rates of application.
In light of farmer responses indicating that high 
input costs are a major disadvantage of cabbage production,
428
research is also needed to determine economic pest control 
thresholds and the economically optimum frequency of pesti­
cide application under the conditions of decreased pest 
populations in the rainy season. Analysis of the net 
benefit of a gradient of different bed heights using the 
experimental design outlined earlier in this chapter would 
similarly be useful in minimizing labor input costs. The 
need for large amounts of hand labor because of prolific 
weed growth in the rainy season even on mulched beds also 
suggests that economic analysis of the net benefit of 
herbicide use in comparison with hand weeding could be 
useful, especially since the data in table 48 indicated 
that a portion of the target region farmers do already 
have experience with using herbicide for rice (moreover, 
not shown in table 48 is the fact that herbicide users 
were predominantly from the large tenant and owner-tiller 
strata, whom the survey results indicated also have greater 
previous experience with cabbage production).
In the development priority grid, rainy season mung- 
bean yield capability has been placed in a near-central • 
position. This indicates a lesser overall development 
priority for mungbean compared to other crops. Prices of 
mungbean are relatively constant throughout the year 
(figure 25)» reflecting the fact that most production and 
consumption takes place in a non-market subsistence cycle. 
Thus, although consumption levels are high year-round, this
. FIGURE 25
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is not translated into a high economic demand. On the 
other hand, the results of the field experiments suggest 
that adequate yields can be obtained without the use of 
high beds. Marketing research should thus concentrate on 
the effects of the introduction of other crop production 
choices on the mungbean production and consumption sub­
sistence cycle. Specifically, such research should deter­
mine under what market conditions some' producers would 
consider reducing mungbean subsistence production in order 
to increase cash crop production, thereby creating 
increased economic demand for mungbean supplied in the 
market by other producers.
Although low bed mungbean yields appear adequate 
relative to high beds, for farmers in the target region 
the real question is the net benefit of low beds versus 
broadcasting. Although initial AVRDC research referred 
to in chapter 6 indicated higher mungbean yields under 
more intensive management, further research is needed to 
compare the net benefit in a subsistence cycle subset of 
a market system of low bed mungbean management versus 
broadcasting.
Finally, the development priority grid Indicates that 
for sweet potato, marketing research should be given 
greater priority than production research. The results of 
the 1978 sweet potato experiment indicated that the use of 
high beds and mulch can have a significant positive effect
431
on yield. Furthermore, analysis of net benefit under 
Taiwan market conditions indicated that the use of high 
beds (although not of mulching) had a positive net economic 
benefit. On the other hand, the results of the consumption 
survey shown in figure 11 indicated low demand for sweet 
potato roots during the rainy season. Sweet potato prices 
also show less variability than tomato or cabbage (although 
more than mungbean), as shown in figure 26. In addition, 
the responses of farmers indicated that they consider sweet 
potato to be a subsistence crop which is not a major food 
crop and which has few production problems. Thus, sweet 
potato research should focus on consumer education in order 
to increase the awareness of consumers of the nutritional 
benefits (especially vitamin A) of sweet potato root con­
sumption and thereby create greater effective demand. In 
addition, research should also investigate the possibili­
ties of Increasing the income-producing potential of sweet 
potato by linking sweet potato production to animal pro­
duction in a cyclic system utilizing sweet potato shoots 
for animal feed and animal wastes for methane generation 
with organic fertilizer as a by-product (116). Such a 
system would increase demand for sweet potato indirectly 
through linkage with economic demand for pork.
Overall, the results of the study confirmed the value 
of the integrated approach based on the conceptual frame­
work established in chapter 2 at the beginning of this
FIGURE 26 
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work. Simultaneous observation of the different components 
of the entire farmer system was necessary for a total 
evaluation of the potential benefits of rainy season cab­
bage production suggested by the results of the field 
experiments. The baseline survey data identified which 
stratum of farmers in what area of the target population 
had relatively more experience with cabbage production and 
greater access to and desire for information on vegetable 
production in general. Relating the identification by 
farmers in that stratum of insect pests and high input, 
especially pesticide, cost as the major disadvantages of 
cabbage production to the financial capabilities of a 
representative farmer in the stratum indicated the limits 
of the size of production units that might initially be 
put into rainy season cabbage production. Correlating the 
data on cropping patterns and labor availability with the 
analysis of periods of drier conditions identified poten­
tial planting dates that were compatible with the con­
straints of both current cropping systems and the natural 
environment. Combining the data on cabbage prices and 
maximum consumption enabled us to estimate potential 
demand. In turn, the relatively small size of potential 
demand in relation to production capability suggested that 
the introduction of rainy season cabbage production would 
benefit more consumers than producers. Increased produc­
tion in the period from August through October would
benefit both the estimated 30% of households that consume 
cabbage year-round plus the additional percentage of house­
holds that do not now consume cabbage in those months but 
would at lower prices. On the other hand, increased 
income from production would benefit only the very small 
proportion of farmers and hired laborers who would be 
engaged in production in one or two barangays. Finally, 
relating the data on information access and farmer identi­
fication of production problems suggested the outlines of 
a program for introducing rainy season cabbage production 
in target barangays so that farmers would be able, in the 
words of Shultz, quoted at the start of this study, to 
effectively use modern factors of production.
The survey techniques used to obtain the information 
on farmer experience and attitudes yielded valuable 
insights into farmer behavior. In particular, surveying 
of several villages revealed differences in levels of pro­
duction capabilities and degrees of market orientation that 
suggested how new crops and planting dates are brought into 
existing cropping systems. In essence, the surveying of 
multiple villages provided the advantages of replication: 
an objective measure of variability in the population.
The use of an open format which allowed farmers to 
give either single or multiple responses also proved to 
be valuable. Significant information on economic orienta­
tion and reluctance to engage in intense production came
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from the multiple responses. This information would have 
been lost if farmers had been restricted to only one 
response or if second and succeeding responses had been 
ignored in the analysis.
The results of the analysis of locational differences
generally confirmed the validity of the stratification of
Laoag barangays on the basis of high and low potential for 
vegetable production. This in turn suggests that informa­
tion provided by the extension service on general cropping 
patterns could be used in similar surveys as a basis for 
this type of stratification. On the other hand, however, 
secondary data on numbers of farm households proved not 
to be consistently reliable. This suggests that it would 
not be advisable to use secondary data for selection of 
primary sampling units with probability proportional to 
size in similar future surveys.
Finally, the results of the study suggest the outlines
for a resolution of the question of breadth versus depth
that was posed at the start of chapter 3» The surveys 
sought to gain breadth by covering a larger target area 
than a single village, while still maintaining a depth of 
precision adequate for evaluation of the potential contri­
bution of increased rainy season vegetable production. The 
attitudinal survey was designed to maximize breadth, with 
the objective of identifying a target subset of the larger 
population to which efforts at the promotion of rainy
4-36
season vegetable production could be effectively directed. 
The results discussed above indicate that the methodology 
used was able to realize that objective.
On the other hand, mathematical analysis of farmer 
responses by itself was not completely sufficient for 
interpreting the significance of the responses of the 
different subsets. The precision of the mathematical 
analysis of the responses in the attitudinal survey was 
limited to distinguishing relative emphases on at most four 
or five response categories, particularly on the degree of 
market versus subsistence orientation in farmer responses. 
In order to elucidate the underlying rationale behind those 
degrees of emphasis, especially in the responses related 
to custom and cropping pattern such as for the "Lunes ni 
Kodas" mungbean planting date, we had to evaluate indivi­
dual responses on the basis of a qualitative judgement of 
the significance of their content. In the discussion of 
survey results, the quantitative analysis and the qualita­
tive observations were therefore used interactively, with 
the quantitative analysis providing an objective framework 
to which to relate the qualitative observations and the 
qualitative observations serving to fill in the framework.
In contrast with the attitudinal survey, the farm 
operations survey was designed with greater emphasis on 
depth. Its objective was to obtain quantitative data on 
current farmer practices, ultimately for possible use in
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a linear programming model. For this purpose, subsample 
farmers were selected by a non-random, judgmental selection 
process. In the course of conducting the farm operations 
survey, however, it was found that even these farmers often 
did not have a precise knowledge of inputs and kept few 
records. Moreover, those farmers who did keep records 
appeared to keep them in a rather casual manner, for 
example in a small pocket notebook or on pieces of paper, 
rather than organizing them in a ledger or a full-sized 
notebook. With the absence of systematic records, sub­
sample farmers thus'often answered using phrases that 
indicated that their knowledge was not precise, such as, 
"Let's say that it takes 2 hours to plow this parcel."
As a result, judgmental evaluation also had to be made 
of the reliability of the data provided by the subsample 
farmers. Thus, overall, the farm operations survey was 
not fully successful in meeting its objectives.
These considerations suggest that it is essential to 
distinguish between selection and observation techniques.
An integrated approach to technology development needs 
randomization and replication in the selection process in 
order to obtain a measure of variability for making infer­
ences to larger populations. Once sample villages and 
farmers are selected, however, there is no substitute for 
direct observation. Direct observation includes both the 
actual measurement of physical inputs, labor use, yields,
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and consumption, together with the accurate recording of 
exactly what farmers say and do over time as individuals 
and in groups. Through such direct observation, the pro­
blem of identifying reliable respondents for obtaining 
quantitative data can thus be avoided.
The need for direct observation of all the components 
of the farmer system in turn mandates a team approach. In 
essence, this study shows the limits of what a single 
researcher can do. The carrying out of a total integrated 
approach to technology development requires a team that 
would include a production specialist, an agricultural 
economist, a human nutrition specialist, and an anthro­
pologist or rural sociologist. This study therefore pro­
vides the conceptual and methodological framework that 
such a team could use. It points the way in which such a 
team could contribute to the betterment of the livelihood 
of rural peoples through research that encompasses the 
whole system in which they live.
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APPENDIX 1 
ATTITUDINAL SURVEY INTERVIEW SCHEDULE
The interview schedule consisted of two booklets. The 
main booklet contained the questions on farmer experience 
with, attitudes towards, and consumption of the seven vege­
table crops. These questions were prepared at AVRDC, 
reviewed by several persons with experience in conducting 
farmer surveys (including an Ilocano extension agent who 
was in residence in an AVRDC training program at the time), 
pre-tested on local farmers near AVRDC, and printed in 
booklet form at AVRDC prior to departure for the Philip­
pines in April 1979.
After arrival in the Philippines, an addendum was 
prepared containing the questions on demographic charac­
teristics, areas of different types of land, main problems 
in farming, change in livelihood, and Information access. 
These questions were mimeographed and one set was included 
with each main boo.klet.
In the following translation, the questions which the 
farmers were asked are marked with an asterisk. The 
remaining unmarked material was printed to assist the 
interviewer in recording the answers of the farmers but 
was not read or shown to the farmers. For many questions,
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such material included lists of responses which it was 
anticipated would be given by farmers in their answers.
The responses in those lists, together with other farmer 
responses which were not printed in the booklets but which 




1. #List the members of your family and other household 
members, their ages, whether they are male or 
female, the number of months In the year In which 
they reside In your house, the highest grade of 
their education, and their main and secondary occu­
pations.
Member Class Age Sex Resi- Educa- Occupation 
______  dence tlon 1° 2°
Education:
Occupation:
Class: P. family member N. Other household
member
Sex: M. male P. female
Residence: write the number of months in the year
in which Tthe person] resides in the 
house
0. none 1-6. elementary 
11-14. secondary 21-24. college
1. farmer
2. farm laborer
3. permanent government employee
4. permanent employee of a private 
company
5. owner of a business
6. non-permanent non-farm laborer
7. student
8. Hawaii or U. S.
9. none (including housekeeping, old 
age, etc.)
2. #Give the area of each type of land you have:
*Irrigated *Non-irrigated *Non-irrigated 
land paddy land non-paddy land
(paddy (can be paddy (dry crop





3. #What is your main problem in growing rice and other
crops?
1-17* List of possible farmer responses.
18. Other problem: ______________________
4. ^During the past five years, has your life improved
(a lot or a little), worsened (a lot or a little), 
or stayed the same? Why?
Improved Stayed Worsened 
a a the a a
little lot same little lot
Change +2 + 1 0  -1 ' -2
Reasons:
1-5. CList of 1 1 1
possible
positive reasons.]
6. Other reason 6 6 6
for improvement 
in life:
7-12. ELlst of possible 7 7 7
negative reasons .3
13. Other reason for 13 13 13
worsening in life:
B. Questions on the Dissemination of
New.Methods of Growing Rice and Other Crops
Yes No
1. #Have you heard of AVRDC (Asian 1 0
Vegetable Research and Development 
Center)? Tname given both in 
English and in Ilocano translation.]
*Have you heard of IRRI (Interna- 1 0
tional Rice Research Institute)?
[name given both in English and 
Ilocano translation.]
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2. *If yes, how did you hear of the
name ?
through: AVRDC IRRI
1-5. TList of possible responses] 1 1
6. Other: _______________________ 6 6
3. *Have you ever received an AVRDC or
IRRI publication?
#What was its name?
Yes Name of publication_________ No
AVRDC 1 0
IRRI 1 ~ 0
4. #If you need information regarding vegetable
production, to whom do you ask? Whom do you ask 
for information regarding rice?
Vegetables Rice
1-5* Tliist of possible responses] 1 1
6. Other person:   6 6
5. *Have you ever seen a demonstration plot of a new
variety of vegetables?




#If yes, have you tried:
Vegetables Rice
yes no Zes. no
1. *Planting that new variety? 1 0 1 0
2. ^Telling another farmer 
about it?
1 0 1 0
3. ^Seeking additional informa-- 1 0 1 0
tion about the new variety?
6. #What would be the best way for the government to 
make new varieties and production techniques for 
vegetables and rice known to you?
CNote that the above is a translation of the 
original wording printed in the addendum. In 
conducting the interview, this question was asked 
in a more concrete manner, as explained in 
Chapter 5.] (continued on next page)
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Vegetables Rice
1-9. CLlst of possible responses}









3. *newspaper that comes daily?
4. ^magazine that comes weekly?
0 1 
0 1 
0 1 0 1
8. *For paddy farming and growing other crops,- how 
many fof the following do you have!:
1. water buffalo ____
2. draft bull ____
3. plow ____





9. tractor you can borrow ____




C. Questions on Vegetable Production and Consumption
1. a. #Is it possible to plant during these months?
b. *If yes, why is it possible? If no, why not?
crop
no:
5. May 5 5
10. October 10 10
1-3. TList of possible reasons 1 1
related to custom}
4. Other reason related to __ __
custom:
5-11. tList of possible reasons 5 5




12. Other reason related to the  
plant and environment:
13-22. [List of possible reasons 13
related to inputs, yield, 
and marketing]
23. Other reason related to __
economics:
24-26. [List of reasons related 24
to family use and nutri­
tion]
27-30. Other reasons: __
*What is the best month from May to October for
planting? Among these months, why is it the
best month?
*What is the best month for planting throughout 








3. March 34. April 4








same as question l] 1 1
#Have you ever tried growing [the crop]? If 
not, why? If so, in what month have you tried 
[planting it3?
*If you have tried planting it between May and 
October, why did you try during these months? 
If you have not tried [planting it] between 
May and October, why have you not tried during 
these months?
#Would you be willing to try planting during 
the months you haven't tried yet if new vari­
eties and production methods suited for the 
rainy season were made available to you? Why 





n o : 
1
• • • • •
12. December 12 12
1 - 3 0  Reasons same as question 1 1 1
a. #Do you plant every year (T), or from time to
time (S) only?
b. #Do you always plant in the same (P) month, or
does Cthe month of planting! change (B)?
c. *If you always plant in the same month, what
month is that, and why do you prefer that 
month?
d. *If Tthe month that you plant in! changes, why
do you have different times of planting?
e. #If Cthe month that you plant in] changes, in
which month do y o u . 
do you prefer that 
that you sometimes
most often plant, and why 














30 Reasons same as question 1
a. *What is the main advantage of growing this
crop?
b. #What is the main problem in growing this crop? 
(If there are more than one advantage or problem, 




1 - 3 0  Reasons same as 1 1
question 1
a. #What are the months during which you normally
eat these vegetables?
b. #Why do you eat them during these months? Why
do you not eat them during the other months?
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c. #If you do not eat them during the period from
May to October, would you like to eat them if 
they were available at a low price with good 
flavor during this period? If so, how strong 
would your desire for them be?
d. #What are the least amount and the greatest
amount which you would like to eat in one day? 
What are the least number and the greatest 
number of days in a week that you would like 
to eat these vegetables?
TNote that the above is a translation of the 
original wording printed at AVRDC. In con­
ducting the interview, however, this question 
was asked in the following way, in order to 
make it more understandable to farmers:
(1) *Does it matter even if you go without
eating this vegetable for one day; or 
is there an amount which you demand 
every day?
(2) *Does it matter even if you go without
eating this vegetable for one week; 
if it matters, how many days a week 
do you demand it?




can eat in one day before you get tired 
of it?
(4) #How many days a week can you eat this
vegetable before you get tired of it?]
1. January 2. February 1 1
• • • • • •
11. November 12. December 11 12
yes: no:1. Not available 1 1
2. Expensive 2 2
3. We don't like its taste 3 34. We are not accustomed to 4 4
eating it
5. - 7. Other reason 5 5
strength 
of desire
8. Strong desire “8
9. Lesser desire 9
10. Not having it doesn't matter 10





Least amount desired In a day 
Least number of days desired 
Greatest amount desired In a 
day










A COMPARISON OP SINGULARITY AND PLURALITY 
IN ENGLISH AND ILOCANO
In English grammar, singularity and plurality are 
treated as dichotomous categories. Thus, for example, in 
English the question, "What is your main problem in farm­
ing?" can not be interpreted as, "What are your main 
problem^ in farming?" In other words, In English it is 
not possible to ask this question in a way in which either 
a singular or a plural interpretation is equally possible.
In Ilocano, however, normal usage does not specify a 
dichotomy. Both nouns and verbs have only one form, which 
can be either singular or plural depending on circumstance. 
Nouns are usually preceded by a noun particle, which 
roughly corresponds to the English article "the." Although 
the particle has one form "dagiti" which can be used to 
specify plurality, the common form "tl" does not neces­
sarily preclude plurality. The following diagram shows 














verb and noun 
singular
(no form)







The most natural translation of the English question, 
"What is your main problem in farming?" is the "either-or 
form:
What is the main *







Specification of singularity through use of an additional 
word would result in an uncolloquial sentence that would 







only * main *





* (particle which joins a modifier to another word)
APPENDIX 3 
PARMER RESPONSES CLASSIFIED 
BY RESPONSE CATEGORIES
The response categories listed below for each question
indicate the greatest extent of differences in responses 
2which the X test process was able to differentiate. 
Depending on the numbers of responses in a given test, 
for some tests these categories were further collapsed 
into a smaller number of categories, such as "economic" 
versus "non-eeonomic," or "water" versus "others."
Responses are listed in logical order. Responses 
followed by a number in parentheses are those which were 
printed in the interview schedule booklets in anticipation 
that farmers would give them in their answers. The number 
in parentheses is the original number printed in the inter­
view schedule booklet, which was circled when farmers gave 
that response. Responses preceded by a capital "X" 
enclosed in parentheses are those which were printed in 
the original booklet but were not actually given as respon­
ses by any of the farmers. Responses not followed by a 
number in parentheses are those which were not printed in 
the original booklets but which were written in during 
the interviews when given as responses by farmers.
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In the attitudinal survey (part C below), both 
positive and negative answers were possible for questions 
1, 3* and 5. Although the anticipated answers were printed 
as positive statements, each statement’s number was printed 
in both the positive and negative columns (see Appendix 1). 
Thus, each such positive statement also implied the Inverse 
negative statement. When farmers gave a negative answer 
inversely corresponding to the printed positive statement, 
the number in the negative column of that statement was 
therefore circled. Such implied negative statements are 
indicated by an "i” following the number in parentheses.
In addition, all additional information which the farmers 
gave in their answers was also written next to the appro­
priate number. All such responses were treated as separate 
responses and are listed individually below, in order to 
present the full range of expression of the farmers’ 
responses.
Questions are listed using a letter-number combina­
tion. The letter portion indicates in which section in 
Appendix 1 the question is found, and the number portion 
is the number of the question in that section.
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A.3* Main problem in farming
A. Water
1. insufficient water or irrigation (5)
B. Other environmental
1. (X) poor soil (4)
2. storms
3. diseases [not specified! (6)
4. fungus






1. no good seed or variety (1)
2. (X) don’t know the best technology (2)
3. (X) don’t get assistance from the 
technician (3)
4. insufficient labor (14)
5. too much work
6. work is too hard
7. transplanting
8. transplanting rice
9. poor yield (15)
10. no problem
11. no problem because plant native rice which 
does not require fertilizer
12. unclear response
D. Other economic
1. insufficient funds (8)
2. lack of money for investment
3. insufficient money for fertilizer
4. insufficient money for fertilizer and
pesticides
5. insufficient money [use unspecified!
6. no source of employment
7. (X) unable to obtain credit (9)
8. high costs in general (10)
9. high pesticide cost
10. high labor cost (13)
11. urea sometimes unavailable
12. (X) no market for crop (16)
13. (X) low price (17)
14. the landlord gets half of the yield
15* the tenant's share should be larger
E. Fertilizer cost
1. high fertilizer cost (11)
A.4. (Part 1) Positive reasons for change in livelihood
A. Rice technology
1. (X) Masagana 99 (1)
2. new rice varieties (2)
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3. new rice production technology (4)
4. double cropping
Other technology
1. new vegetable varieties (3)
2. (X) new vegetable production technology (5)
3. careful care of field
4. technical assistance





4. good yield when there are no storms
Economic
1. not necessary to borrow
2. get assistance from children
3. yield is insufficient but have income from
fishing
4. have pension income
5. have other work
6. select planting time to take advantage of
prices








1. plenty of labor
2. have animal now
3. not necessary to get food
4. God is merciful
5. only one person in family
6. have no problems
7. unclear response





4. no increase in yield
5. same yield
6. yield equals costs
7. yield decreased
B. Economic
1. insufficient land area
2. same land area
3. no money
4. no source of obtaining wealth
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5. low wages
6. high costs In general (7)
7. high fertilizer cost (8)
8. high pesticide cost (9)
9. high labor cost (10)
10. increase in expenses due to double cropping
11. use fertilizer Ctherefore, costs increased]
12. rice prices have not increased (11)







6. rain determined yield








4. increase in family members
5. more children, so increased [family 3 expenses
6. yield increased but so has number [of family 
members 3 eating
7. many C family] expenses
8. many [ family] uses for yield
9. increased [family] spending needs
10. schooling
11. depends on luck
12. God determines
13* soil conditions the same
14. no answer given





1. barangay officials (1)
2. (X) teacher (3)
3. Bureau of Plant Industry
4. agriculturalist
5. Department of Agriculture and Resources
6. Farmers’ Association
C . Informal










9. farm and vegetable pamphletsNo one
1. no one to ask
2. don’t know whom to ask
Don 't ask1. don’t ask
2. follow own thoughts
B.6. Best means of disseminating information
A. Technician
1. technician’s visit (9)
2. technician should live in the barangay
3. technician should come to Cparticipate in] 
our actual transplanting
4. Ctechnician] should come to plant and teach 
me
B. Farmers’ meeting .
1. barangay meeting (8)
C. Other personal
1. demonstration (7)
2. distribution of new seed
3. government officials
4. farmers should petition the government for 
agents to come to disseminate Cinformation]
5. barangay captain
6. barangay leaders, who should relay informa­
tion to farmers
7. Farmers' Association head
8. those who have studied agriculture




3. (X) newspaper (3)
4. magazines (4)
5. (X) comic books (5)6. other publications (6)
7. calendar
Don ’t know
1. no one to ask
2. don't ask
3. don't know
4. not relevant now
5. let the government decide
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C. Reasons for planting times and attitudes towards 
vegetable crop production
A. Habit (1-17), tradition (18-27), and village 
interaction (28-47)
1. we are used to growing it (1)
2. this is our experience
3. this is my experience
4. I only like Cto growl vegetables Cnot 
soybean!
5. it’s what I like
6. we are not used to growing it (li)
7. haven’t tried it yet
8. it’s not possible Cto plant it! because we
haven’t tried it yet
9. have no experience
10. we are afraid Cto try it]
11. I'm old so I don’t want to Ttry it]
12. I don't want to plant it
13. haven't seen it yet
14. first time to hear of it CChinese cabbage]
15. we didn't know about it before
16. we're not very used to cabbage
17. we don't grow Csweet potato] for its roots
18. this is when we ordinarily plant (2)
19. "Lunes ni Kodas"
20. this is our custom
21. this is a good time to plant
22. it's not when we ordinarily plant (2i)
23. it’s too late Cfor planting]
24. September was not our time to plant before
25. this is what the old men say
26. Cthis is] what the first people did
27. agreement with our fathers
28. this is when other people plant
29. that's when most people plant
30. that’s the time that those who gave me the
seed were planting
31. everyone in the barangay planted at the same 
time
32. many plant it
33. the neighboring province plants it
34. few plant it
35. no one here has started growing it
36. other people say it’s better Cto do it this 
way]
37. that's what those who plant say
38. others say it's no good
39. so that we don't get jealous if many plant 
it Cwe will try too]
40. I get jealous tof those who succeed with the 
crop, so I will try too]
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41. if there is another person who will plant 
too Cthen I'll try it3
42. if the crop of those who have been farming 
the longest is good Cthen I'll try it]
43. I would be willing to try planting just a 
little if my neighbors start planting
44. I haven’t seen anyone set an example Cso 
I'm not ready to try]
45. Cl111 try it] so that there will be an 
example for my fellow farmers to follow
46. people steal the fruits Coff the plant]
47. Cl grow it to have some! for the neighbors
B. Cropping pattern (1-24) and land use (25-47)
1. it fits my cropping pattern (3)
2. it doesn't fit my cropping pattern (31)
3. rice planting time
4. rice is my crop
5. there is rice in the field
6. after rice
7. Erice] harvested in October for [vegetable] 
planting in November
8. if the rice harvest is early
9. sometimes late Cin planting] because of 
■ harvest of second rice crop
10. before planting rice in December
11. can just be fitted in between rice plantings
12. seedlings not all planted at once
13* tobacco planted in these months
14. this month is for mungbean
15. we plant sweet potato
16. garlic and corn Cin the field]
17. after garlic
18. another crop in the field




22. intercropping with garlic
23. intercropping with corn
24. intercropping with mungbean
25. have a place to plant (adda pagmulaan)
26. [have] a good place to plant
27. have many places to plant
28. there are more [places to plant]
29* if have a place to plant
30. depends on whether there is a place to plant
31. not certain if there will be a place to plant
32. sometimes there is no place to plant in this 
month
33- no place to plant (awan pagmulaan)
34. no place to plant because of rice
35. no place to plant because of second rice crop
36. have a non-irrigated field for upland crops 
(bengkag or lusong)
37. if have a non-irrigated field
38. if Con! a non-irrigated field
39. have a high place to plant
40. if have a high place to plant
41. don't have a high place to plant
42. place that is not flooded
43. flood plain
44. edge of rice field
45. edge of garlic field
46. behind house only
liy ( fence
Cultivar (1-26) and Planting Material (21-46)
1. a good or new cultivar or variety is
available (6)
2. there is no good or new cultivar or variety 
(6i)
3. if there is a new variety
4. a variety for the rainy season is available
5. there is no variety for the rainy season
6. if there is a variety for the rainy season
7. if Cthe new variety! withstands rain
8. resistant to rain
9. not affected much by rain
10. resistant to waterlogging, drought, and
even rain
11. doesn't need water if it is resistant to rain
12. prefers rain
13. prefers moist conditions
14. resistant to heat
15. has no preferences Cwell-adapted variety!




19. bombilya tomato Csmall, round, with thick 
skin!
20. American tomato
21. my sweet potato is a heavy producer
22. Csweet potato! variety with purple leaves
23. Csweet potato! variety with large leaves only
24. no [sweet potato! variety produces roots
25. depends on the variety
26. seed, seedlings, plants, or planting material 
is available
27. successive planting because have seedlings
28. have later seedlings
29. if seed, seedlings, plants, or planting 
material is available
30. depends on the seedlings
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31. Cdepends on] the amount of seedlings
32. depends on planting material
33. depends on obtaining cuttings
34. Insufficient planting material, cuttings, 
etc.
35. insufficient planting material because we 
ate the seed Cmungbean]
36. if there Is not enough seed
37. sometimes there is no seed, seedlings, 
plants, or planting material
38. no seed, seedlings, plants, or planting 
material
39* nothing else to plant
40. lost the seed
41. for seed
42. will try in order to produce seed
43. Cwill try] in order that we have our own 
plants
44. source of good seed
45. seed preservation
D. Plant Growth (1-30), Diseases (31-55), and 
Pests (56-91)
1. the crop grows well (5)
2. verdant growth
3* sturdy stem
4. grows too tall
5. lodging
6. lodging because of growing too tall
7. too much vegetative growth
8. long growing period of this crop
9. doesn’t grow too tall
10. the crop doesn’t grow well (5i)
11. the stem doesn’t get very sturdy
12. the stem doesn't get sturdy
13* roots develop on stem
14. leaves turn yellow
15* leaves dry up
16. hairy leaves
17. flowers well
18. has good flowers Cwhich don’t drop]
19. flowers aren't damaged
20. doesn’t flower
21. flowers drop if £the field] is flooded
22. flowers drop
23. flowers turn black
24. fruits aren’t damaged
25. cracking
26. seed germinates on the plant
27. seed germinates on the plant when it rains
28. seed germinates
29. seed doesn't germinate
30. seedlings are good
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31. few diseases (9)
32. diseases (91)
33. fungus34. powdery mildew








43. dies easily44. rot
45. ready to harvest but rots and is lost again
46. plant dies even after it has fruited
47. plant death48. if plants die
49. seeds destroyed
50. (seeds! rot as soon as they germinate
51. seedlings rot52. seedlings rot when it rains
53. sometimes seedlings rot in May
54. when seedlings rot, (planting! delayed
55. doesn’t rot
56. doesn't die
57. few Insects or worms (10)58. few worms
59. few weevils
60. few white grubs
61. few roaches
62. no worms
63. no white grubs
64. Insects or worms (101)
65. many insects and worms66. aphids
67. small butterflies
68. stlnkbugs
69. hoppers70. various green (insects]
71. three kinds (of insects]; the yellow the
worst
72. (insects on] flowers
73. cobwebs on the flowers
74. green ["insect] which eats the fruits
75. short green (insect! on the fruits76. fruits stung (by insect]
77. worms
78. worms on the leaves
79. stem borers80. worms on the flowers
81. worms on young flowers
82. worms and flies on fruit
83. worms on cabbage heads
84. army worms
85. weevils
86. weevils after flooding
87. weevils if there is a lot of rain
88. white grubs
89. storage weevils
90. climbing plant on foliage and fruit
91. chickens




3. rain not too heavy
4. avoids heavy rain
5. not much rain yet
6. not much rain at fruiting
7. not much rain at harvest time
8. doesn’t rain all the time
9. depends on the amount of rain
10. depends on the length of the rains
11. if it doesn't rain continuously (nepnep) 




14. no heavy rain
15. no rain yet
16. prior to the rains
17. harvest prior to the rains
18. dig Lroots! prior to the rains
19. no rain at planting time, but rain at harvest 
time
20. no rain at flowering
21. no rain at fruiting
22. no rain at harvest time





28. rain to come later
29• there is still rain
30. just the right amount of rain
31. rain does the watering
32. rain is nourishment
33* rain at planting time, dry at harvest
34. if there is rain before germination
35. rain when Tthe plants are! small
36. rain previously
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37. early rain at flowering
38. sometimes it rains, sometimes it doesn’t
39. occasional rain
40. large amount of rain
41. strong rain
42. continued rain
43. sudden rain, followed by long dry period
44. heavy rain when the plants are large
P. Soil (1-12), Water (13-29), and Other Environ­
ment (30-95)
1. good soil (7)
2. sandy
3. sandy loam
4. sandy and friable
5. soil doesn't become hard
6. easily plowed
7. easily turned over
8. poor soil (7i)
9. clayey
10. soil becomes hard
11. soil probably not suited for other varieties
12. must choose the right location Cto plantj
13. good water (8)
14. water Cin general]
15. had water before
16. if there is water
17. if there is steady water ‘
18. depends on the amount of water
19. insufficient water (8i)
'20. no water
21. good irrigation
22. can still be irrigated
23. does well in an irrigated field
24. if there is irrigation
25. Ccrop] dies without irrigation
26. insufficient irrigation




31. there are dry spells
32. every month has a dry spell
33* there will be a dry spell coming up
34. hopefully there will be a dry spell
35. sometimes there is a dry spell
36. before the dry season
37. the dry season begins
38. a long dry period
39• drought
40. not wet or moist
41. not too wet or moist
42. not wet yet
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43. rather dry44. depends on how fast the soil dries
45. there are times when Cthe soil! dries out
46. if the soil dries out
47. once dry48. last field to dry
49. time when Cthe soil] is driest
50. hot soil
51. wet soil
52. just the right degree of soil moisture
53. if the soil is wet54. as long as the woil is wet
55. still wet
56. time when Cthe soil] is wettest
57. too wet58. just a little wet
59. soil still has moisture in it
60. not too dry
61. soil moisture
62. moist upland field
63. depends on soil moisture64. flooding
65. waterlogging
66. upland field flooded
67. upland field waterlogged68. too much water
69. springs
70. little water Cin the field]




76. cold but not too cold




81. there are stormy years
82. depends on [whether there are! storms Cor 
not]








90. prior to dew




95. weather Cin general! (10)
G. Labor Ease or Difficulty (1-19) and Availability 
(20-40)
.1. easy to plant since you don't have to plow
2. easy to plow
3. land preparation is tiring
4. takes time to do land preparation
5. hilling up [is work!
6. takes time to hill up
7. takes time to water
8. hard work to get water
9. watering and cultivating [are work]
10. requires too much care
11. hard to take care of
12. hard to take care of because you have to go
to the field everyday
13. managing it carefully [is work!
14. can't manage it
15. backache from picking
16. long harvest [is work]
17. clearing up the field after tomato [is work]
18. hard to shell
19. hard to stomp on soybeans to remove their 
shells
20. we have time to do the work
21. that's when we are free to do it
22. we can concentrate on it because the rice
crop is finished
23. depends on when we are free
24. depends on [other] work
25. depends on time [available]
26. if there is a lot of other work
27. if there is a lot of work in the rice paddy
28. if there isn't free time
29. usually don't have time to do it
30. don't have time
31. lots of work to do
32. rice seedbed preparation time
33* don't have time because it's the time for 
planting rice 
34. busiest time with the rice crop 
35* busy with rice harvesting
36. harvesting mungbean in August
37. away working as a paid laborer
38. am the only one planting
39. there is sufficient labor (15)
40. there is not enough labor (15i)
H. Resources Availability
1. (X) the investment required is small (13)
2. little seed is required in February
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3. seedlings can be purchased4. many seedlings can be purchased
5. no fertilizer Is needed
6. no spraying Is needed
7. no problem because we don’t spray8. much investment is required (131)
9. lack of money for seed
10. lack of money for fertilizer
11. lack of money for pesticides
12. small land area
13. sometimes don’t receive upland land from 
landlord
14. don't have an animal
15. didn't have an animal before
16. if I had a water pump
17. don't have enough compost18. don't have a sprayer
19. if I had a sprayer
20. don’t have pesticides
21. we don’t have Ta] complete [range of] pesti­
cides like the government
22. uses a lot of fertilizer
23. much pesticide and spraying required24. uses much pesticide
Yield
1. early yield (16)
2. high yield (17)
3. reliable yield (18)
4. good quality
5. more fruit6. fruits during the rainy season
7. fairly good fruit set
8. large fruit
9. ripe fruit
10. good quality fruit
11. not very many empty seeds
12. produces tuberous roots
13. roots not spindly14. good quality roots
15. [plant in succession] in order to extend the 
harvest
16. [plant in succession] because the first 
plants will stop producing
17. [plant in succession] so that there will be 
more yield again if the first plants die
18. would be willing to substitute in place of 
corn if the yield is better
19. late yield (l6i)20. poor yield (171)
21. unreliable yield (l8i)
22. doesn't set fruit
23. doesn't set fruit if it's raining
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24. poor fruit set
25. short period of fruiting
26. doesn't head
27. doesn't continue to have successive pod set 
(darundon) [mungbean]
28. doesn't produce tuberous roots
29. doesn’t produce tuberous roots in the rainy
season
30. spindly roots
31. roots don't get big
32. only small roots
33. roots are destroyed
J. Costs (1-11), Prices (12-26), and Marketing 
(27-40)
1. (X) few expenses are required (14)
2. (X) few labor expenses (l4o)
3. (X) few fertilizer expenses (14a )
4. (X) many expenses required (l4i)
5. Ceverything in general is] expensive
• 6. seed expenses are high
7. (X) labor expenses are high (l40i)
8. fertilizer expenses are high (l4Ai)
9. pesticide expenses are high
10. gasoline for the water pump is expensive
11. compost is expensive
12. the price is high (20)
13. the price is higher than in August
14. it was suggested to me that the price will
be high if you plant in May
15. Cplant for] money
16. tested its [ability to produce] income
17. the price is low (20i)
18. the price is reliably good (21)
19. (X) the price is not reliable (21i)
20. there are many fluctuations in price
21. few plant this crop [so the price is good](22)
22. there is none for sale yet [so it's possible 
to plant it]
23. there is little now [on the market, so the 
price is good]
24. (X) many plant this crop [so the price is 
low] (22i)
25. [plant so that] we don't have to purchase 
it Tfor home consumption]
26. it's expensive [to buy it for home consump­
tion, so we plant]
27. [the crop] can be rapidly marketed (19)
28. we will plant watermelon next time because 
it can be easily marketed
29. there is very little of that vegetable [so 
the market for it is good]
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30. there is no tomato on the market
31. I will try since hopefully there will be a 
good market for it
32. there is a market for it
33* [plant it} for sale
34. cooperation [several farmers planting at the 
same time! so that the supply from the 
barangay will be large and that is what the 
buyers who come want




38. [becomes money for] sugar once sold
39* no market (19i)4o. other economic [unspecified]
K. Technology (1-30) and Observation (31-68)
1. newest production technology
2. will follow new technology
3. if there is a new method of management
4. if you manage it well
5. if you are careful
6. don't have the newest production technology
7* don't know how to manage it
8. don't know the technique for growing it
9. don't know when to plant it
10. couldn't recover seed because of poor 
germination which was probably due to poor 
storage
11. couldn't recover seed
12. . choose planting time to avoid seedling rot
13. [choose planting time] so that they don't 
all die
14. [plant] so that the crop is in more than 
one place, because some plots wetter and 
others drier
15. if use compost so that the soil doesn't 
become hard
16. as long as it fruits and I apply compost
17. [grow it]as a green manure
18. the stems [of mungbean] become compost for 
rice
19. [mungbean] gives nutrients to the soil
20. fertilizer
21. because we don't fertilize
22. have mulch
23. have rice straw
24. watering
25. if you water
26. no problem because of Polidol
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27. pasarnogan Churning of rice straw to make 
smoke against insects and leave residue 
as compost}
28. if we spray
29. don’t know what chemical to use for powdery 
mildew
30. [don’t know] what type of pesticide kills 
worms
31. I saw your experiment [so it is possible to 
grow it]
32. there are people who grow it (like the 
Bureau of Plant Industry) so it is possible 
to grow it
33. there is always [cabbage] for sale in Laoag 
during these months Cso it must be possible 
to grow it]
34. there is [cabbage! in the market
35. there is cabbage during these months
36. I see it often
37. I haven't seen any plants [being grown at 
that time]
38. we plant in August ("Lunes ni Kodas") which 
is ra!iny, yet [the crop] does all right, so 
the other rainy months are probably all 
right [for planting] too
39. [it must be possible] because I have heard 
it is possible from experienced farmers
40. a retired teacher says it is possible
41. I have found out [.that you can grow it]
42. I tried planting in various months before
Cso I know it is possible]
43. I see people growing it
44. those who grow it have had good results
45. when we saw it being grown in the west (side 
of the village) it produced a lot of roots
46. I saw the heads you brought
47. I have found out that this is the best time
48. I have found out that its yield is good
49. I am trying to find the Cmonth with the best] 
yield
50. will try it to see if its yield is good
51. Twill try it] so that we know its result
52. I will test whether or not what they saw is
true
53. I will observe it to see if it is good 
[adapted] here
54. [we will try it] so that we will know if it 
will live [is adapted here!
55. [we will try it] so that we will know if it 
is possible
56. [will try it] so I can learn
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57. will compare it with the old mungbean variety
58. will try and see if the new variety yields
more
59. will try the. new variety
60. will try it so I can improve
61. we have just starting planting pepper Cand 
are still observing it]
62. I try planting in different months
63. I try to find out the best way
64. I look for good fruiting
65. I was just trying it out
66. as long as Emungbean] germinates when there 
is no rain, it doesn’t matter if it rains 
when it is growing
67. those who grow it get no yield
68. I won't grow it again because it was no good
this year
L. Family Preference (1-23), Nutrition (24-29), and
Animal Use (30-33)
1. the family likes to eat it (24)
2. makes a tasty sida Efood to eat with rice]
3. will try it because it makes a tasty sida
4. Etasty with] bugguong Esalty fish paste],
E so] sida in May
5. mix with meat
6. it’s sweeter
7. so that we will have sida over a longer 
period of time
8. we stretch its use out over a longer period 
of time
9. it can be used a long time before it becomes 
bad (26)
10. we will have used up all the Emungbean] seed
we picked in May for sida so we plant in
August
11. Ewe plant it] in time to use in December
12. as a spice
13. for merlenda Esnacks]
14. to be boiled Efor merienda]
15. the tops are for the pigs; we eat the roots
Eof sweet potato]
16. I am allergic to it
17. we already have cowpeas and mungbean Lso 
we don't need vegetable soybean]
18. the roots are watery, so we don’t boil them
19- for coffee Esoybeanj
20. we use it Esoybean coffee] at rice harvest 
time
21. for coffee when it's cold
22. Csoybean coffee] doesn't make you nervous
23. we don't drink Esoybean] coffee so we don’t 
plant it
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24. it provides nutrients needed by people 
it "serves the body"
(25);
25. it’s nutritious26. it’s more nutritious than eggplant
27. [it provides] vitamins
28. Cit creates] resistance [to disease] in 
body
the
29. it can take the place of meat
30. for pig feed
31. for animals32. if it will produce roots while we get the
shoots for the pigs
33. we don’t have a pig Iso we don’t grow sweet
potato]
Other
1. I ’ll try it out
2. I ’ll try it in October
3. for experience4. experience makes you wise
5. I ’ll try if I have some seed
6. hopefully w e ’ll be lucky
7. I ’ll see If it’s any good8. we hope it’s better
9. will try again
10. hopefully it’s a better time [to plant]
11. [I’ll try] so that we will always be planting
12. for the sake of progress
13. so we'll have more products14. many uses
15. it’s good
16. good results
17. the [barangay] captain suggested it
18. farmers’ almanac
19. let the young people try it
20. because you say It’s good
21. that’s what the landlord wants
22. the landlord doesn't like it
23. no one has taught us yet
24. no one has promoted it
25. it’s probably like mungbean
26. Masagana pepper
27. replace old plants after harvest
28. [planted it] in school
29. there are no good months
30. we can’t plow
31. we can plow
32. there are more times when we can plow
33. we buy [for consumption, so we don’t plant]
34. plant several times
35. if the first ones are bad, we pull them upand plant again
36. I won't plant again in that month
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37* I'm not certain because I am a woman
38. don’t know 
39• no advantage




TRANSLATION OP THE FARM OPERATIONS SURVEY 
INTERVIEW SCHEDULE
The interview schedule consisted of two booklets 
and a series of two-page crop production worksheets.
All materials were prepared, reviewed, pretested, and 
printed at AVRDC prior to departure for the Philippines 
in April 1979.
In this interview, each farmer was asked for 
information needed to fill in the following sections of 
the booklets and worksheets (the order of questioning 
followed the order given here): book B, pp. 2-3; book A,
p. 3; book B, pp. 4-5; book A, pp. 4-9 (crops and reasons 
only); crop production worksheets (one two-page worksheet 
per 1979 crop); book A, pp. 10-11. The remaining sections 
in book A (p. 2 and the summation columns on pp. 4, 6, and 




We would like to build a model which will Indicate the newest method of 
growing vegetables and using land from Kay to October. We would greatly appre­
ciate your help in answering a number of questions.
Name of farmer: _________________
Municipality: ______________ Barangay or Barrio: _ _ _ _ _ _ _ _ _ _ _
Road or Location: ____________
Name of Interviewer:
Date: ______________  Time begun:   Time ended:
(p. 2)
TIKE AVAIIABLE FOR WORKING IN ONE WEEK








number area owner- aoil drain- irri- slope distance 
of ship type age gation from house
section _______  _ _ _ _ _  ______ _ _ _ _ _ ________  ______  (minutes)
1.
9. ______  ______  ______  ______  ______  ______  ____
ownership: 1. own 2. tenant
soil type: 1. rooky 2. gravel 3. sand It. sandy loam 5. loam
6. clay loam 7. clay
drainage: 1. good 2. fair 3. poor i|. bad
irrigation: 1. always available 2. available on specified days only
3. available occasionally It. none
a. free b. purchased c. well with pump
d. well without pump
slope: 1. mountainside 2. hilly 3* undulating It. nearly level
*>. level 6. riverbed
(pp. U-5, 6-7, and 8-9)
PAST AND FUTURE CROPPING PATTERN
crop: _____
section: _____
Total number of years planted___________________________________
Usual time of planting ___
Usual area used
Usual tine of harvest
Usual yield
Usual total revenue
Number of years in which plan to plant 
Area planned to be used
Reasons for above-planned number of years and areat 
1 - 30* (Reasons same as question 1 in baseline survey) 1
(pp. 10-11)
OTHER IAP0R AND EXPENSES 
(BESIDES F0? 0R0',TN0 CROPS)




Expenses per month 
Revenue per month
Hours needed for Hours needed for
the care ofr other activities>
(no.) of (no.) of




food cloth- housing trans- enter- educa- other
ing (includ- porta- taining tion expen-













age time January • • • December









members: L ■ male; B ■ female
(p. li) 
PAST IAND USE
section use m - ■ ■ ■■ "1977 “1 1978 ........
■ 6 , . . . .1 i 2 i • • • 1 , 2 ,  . . .
1. crop & area
__ 1__ 1_________ j i __ I__ I ..... ■ -
yield & revenue
/ Intercropping of two crops in alternate rows.
// Intercropping of two crops with one planted in furrows between rows of
the other.
+ Succession planting of one crop after a different crop.
•{|- Succession planting of the same type of crop.
--- 1— 1— ------- 1— i— ------------- 1— i— 1 1
€ 1 2 1 I • ’ * ' 2 ' I • ’ ’ 1 2 ‘ I ... i 2 i x
___  ?8« _ _____ 1861. Ofl6t ihst




EXPENSES AND CULTURAL PRACTICES FOR 
SECTION OF LAND OF _____
activity and materials used
blowing and 
bedding up























time amount cost of 
activity used materials 




buffulo or cow 
days prloe total







(Continuation of column headings)
machine family labor other labor
no. or no. of
days price total people hours days people hours days wage total
(p. 2 row titles)
A. ___ %












John Stephen Caldwell was born on January 22, 1946,
In Columbia, Missouri. He attended elementary and second­
ary schools at George Peabody Elementary School, St. 
Cecilia’s Elementary School, Jesuit High School, and 
Sunset High School, all located in Dallas, Texas, and 
graduated from Sunset High School in May 1964.
He entered the University of Kansas in June 1964.
Prom February to September 1967 he spent seven months in 
Tokyo, Japan, as the recipient of a National Defense 
scholarship for intensive Japanese language study. He 
received the degree of Bachelor of Arts with highest 
distinction in Economics and Oriental Languages and 
Literatures in June 1968. He was also awarded an honorary 
Woodrow Wilson fellowship and membership in Phi Beta Kappa.
Prom October 1968 to October 1970, he served as a 
United States Peace Corps volunteer in Vintar, Ilocos 
Norte, Philippines.
In May 1971 he enrolled as a non-credit research 
student in the University of Tokyo. In April 1973 he 
entered the Graduate School of the University of Tokyo.
He received the degree of Master of Arts in International
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Relations specializing in Southeast Asian studies in 
March 1975.
In August 1975 he enrolled in the Graduate School 
of Louisiana State University and began work towards the 
degree of Doctor of Philosophy in Horticulture. In June 
1978 he received a Rockefeller Foundation fellowship to 
conduct research for this dissertation in Taiwan and the 
Philippines.
Mr. Caldwell was married to the former Masayo Wada 
of Tokyo, Japan, on March 4, 1973. At present they have 
one child, Paul Andrew, born February 21, 1981.
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